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FOREWORD

This report presents the User's Manual for Crack Growth and Crack Initiation
Computer Program "DAMGRO" developed as part of the "Assessment of Damage

Tolerance Requirements and Analyses", contract No. F33615-82-C-3215. This

program has been administrated by the Flight Dynamics Laboratory, Air Force

Wright Aeronautical Laboratories, Air Force Systems Command, Wright

Patterson Alr Force Base, Ohio. James L. Rudd (AFWAL/FIBEC) was the Air

7oree Project Engineer through December 1985. Subsequently, Mr Rudd was

replaced by Lt Christopher Mazur. A. Kuo was the Program Manager and

Principal Investigator through March 1985. Subsequently, Mr Kuo was

replaced by Meir Levy for the completion of the program. The structural

test program has been performed at the University of Dayton Research Lab

under the supervision of George Roth.

The eight major tasks listed below have been planned to achieve the program

objectives. Namely, (a) assessing the validity of, and recommending

improvements to the current MIL-A-83444, (b) developing guidelines for

identifying the most critical initial primary damage locations for typical

aircraft structures, and (c) assessing and improving the state-of-the-art

analytical methods to satisfy the requirements of MIL-A-83444.

Task I: Analytical Methods

Task IT: Basic Tests

Task TTI: Analytical Predictions

Task IV: Structural Tests

Task V: Analytical/ExperimenLal Correlations

Task VI: Assessment of and Recommended Improvements to MIL-A-83444

Task VII: Guidelines for Selecting Most Critical Inital Primary Damage

Location 03

Task VIII: Assessment of and Improvements to Damage Tolerance Analyse .

The material presented In this report was developed during Phase I of tLhe

contract. Additional five reports were issued including: I Codesj Codes •

Avail arid Ior .Di.t Special
pt _C, ,

• %.b..•q•%•o% • '.•'';. .•.•, • • •e• .'•'.v .•. .. .. • •, .,% -.. -. '•'-..o. - .'•...• •%•% '.• •e. .,"... •."



Volume I: Executive Summary

Volume II: Analytical Methods

Volume III: Analytical Predictions and Correlations

Volume IV: Raw Test Data

Volume V: Assessment and Recomaendations

Volume I report contains an Executive Summary of the entire program

including the Basic Test Program for material allowables, test results of

the Structural Test Program and Analytical Predictions. It also contains a

summary of the Analytical Formulation derived during Task I.

Volume II report contains the Analytical Methodology derived during Task I

of the Program, ,LocletiLag crack growth and crack Initiation techniques, and

results of Finite Element Modeling of stress intensity factors.

Volume III report contains Analytical to Experimental Correlation of

seventy-two (72) Structural Test Specimens performed during Task IV of the

Program.

Volume IV report contains the Raw Test Data obtained during the Basic Test,

and the Structural Test Programs.

Volume V report contains an assessment of the Damage Tolerance Design

Requirements defined in MIL-A-83444, Analytical methods evaluation and a

Guideline for Identifying Critical Locations for Damage Tolerance Analysis.

It also contains recommendations and follow-on work.

This program began in September 1982 and was completed in May 1986.
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1.0 INTRODUCTION

This report presents a description of the crack growth and crack initiation

computer program "DAMGRON. The computer program has the capabilities of

simultaneously analyzing crack growth and crack initiation. The three options

available are:

(i) Crack Growth Only "Method 1'

(ii) Crack Growth and Crack Initiation "Method 2"

(iii) Crack Initiation Only.

The program is coded in Fortran Computer Language and consists of a total of

22 routines. Various geometrical configurations can be analyzed including

plate or stringer sections, subjected to a constant amplitude loading or a

randomized spectrum loading. The generalized Willenborg Retardation Model was

adopted to be used when a variable amplitude loading spectrum was applied.

The crack growth rates 'da/dN' are presented in terms of the modified Walker's

equation.

A majority of typical aircraft structural configurations may be accurately

modeled using one or more of the available routines. However, some important

configurations are not presently available with a prediction accuracy deemed

necessary. In particular, growth of two cracks at adjacent holes consistent

with the MIL-A-83444 specification. In this case the growth of the primary

crack may influence the growth of the secondary one. In performing the pre-

diction, such a configuration was treated independently which may have

resulted in unconservative predictions.

- * . -*°.. ..h -.. °-p -°°



In performing crack growth or crack initiation predictions, some structural

geometrics are not, explicitly, included in the program. However, modeling

techniques may be applied to use available routines to obtain reasonable rep-

resentations. For example for subroutine K1020, if the two adjacent holes

were eliminated, the result will be a crack at the edge of a hole approaching

a free edge. Similarly, initiation may be applied to one location when only

one hole is present.

The program is constructed in such a way, that additional stress intensity

routines may be added. A flow chart of the program is presented in Appendix

A. Three examples are presented in Section 3.0.
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2.0 DANGRO COMPUTER PROGRAM

"DAMGROu Computer Program was developed to have the capability of simultane-

ously analyzing crack growth and crack initiation at the edge of a hole. Vari-

ous geometrical configurations may be analyzed using one or more of the rou-

tines shown in Figures 2.1-1 through 2.1-10. The program contains ten crack

growth and six crack initiation routines. The crack growth is governed by the

stress intensity factor at the edge of the crack. The crack initiation is

governed by the stress severity factor, which itself is a function of strain

energy density at the edge of a hole. The analytical formulation for both

crack growth and crack initiation are presented in Volume II of the report.

2.1 CRACK GROWTH "METHOD 1"

Various geometrical configurations may be analyzed using the 'DAMGRO' computer

program "Method 1" of the program includes the following configurations:

1. Corner crack emanating from a circular hole, and approaching an adjacent

hole (subroutine KlOlO Ref. Figure 2.1-1).

2. Corner crack emanating from a circular hole with an additional crack

through the thickness extending from the hole to the edge of the part

(subroutine K1020 Ref. Figure 2.1-2).

3. Corner crack emanating from a circular hole with an additional crack,

through the thickness extending from the hole to the edge of an adjacent

hole (subroutine K1030 Ref. Figure 2.1-3).

4. Two equal or unequal size corner cracks at the edge of a circular hole

and approaching adjacent holes (subroutine K1040 Ref. Figure 2.1-4).

3



5. Two equal or unequal size corner cracks at the opposite edges of two

adjacent holes, with an additional crack through the thickness extended

between the two holes (subroutine K1050 Ref. Figure 2.1-5).

6. Corner crack emanating from a circular hole of a stringer section hori-

zontal leg. The. crack may approach the free edge or the stringer up--

standing leg, (subroutine K2010 Ref. Figure 2.1-6).

7. Corner crack emanating from a circular hole of a stringer section. An

additional crack extending from the hole to the free edge, (subroutine

K2020 Ref. Figure 2.1-7).

8. Two corner cracks emanating from a circular hole of a stringer horizon-

tal leg. One crack approaches the stringer upstanding leg, and the

second one approaching the free edge of the horizontal leg, (subroutine

K2040 Ref. Figure 2.1-8).

9. A crack emanating from a circular hole of a stringer tee section, and

propagating into the upstanding leg, (subroutine K2050 Ref. Figure

2.1-9).

10. A crack emanating from a circular hole of a stringer 'LI section, and

propagating into the upstanding leg, (subroutine K2060 Ref. Figure

2.1-10).

2.2 COMBINED CRACK GROWTH AND CRACK INITIATION 'METHOD 2'

The combined method routines (Method 2) are capable of predicting crack initia-

tion for the following geometrical configurations:

1. Crack initiation at the edge of two adjacent holes with one crack pres-

ent at one of the holes, (subroutines S1010 and S1020 Ref. Figures 2.2-1

and 2.2-2).

4



2. Crack initiation at the edge of two holes in an array of three holes

with two cracks present at the mid hole, (subroutine S1030 Ref. Figure

2.2-3).

3. Crack initiation at the edge of two adjacent holes with a through the

thickness crack between them, (subroutine S1040 Ref. Figure 2.2-4).

4. Crack initiation at the edge of two holes in an array of three holes

with the presence of one crack at the edge of one hole and a second

through the thickness crack between two holes, (subroutine S1050 Ref.

Figure 2.2-5).

5. Crack initiation at the edge of two adjacent holes with a crack extend-

ing from one hole to the edge of the part, (subroutine S1060 Ref. Figure

2.2-6).

2.2.1 Input Data Description of "Method 20

The input parameters needed to perform the crack initiation (0.050 inch corner

crack) are defined in Volume 11 of the report and summarized below:

(i) Damage index 'di' for the initiation of a 0.050 inch quarter-circular

corner crack was derived during Phase I of the program. The index for

2024-T3 and 7075-T651 is given by the following equation:

(i) For Group A (no interference, clamp-up or sealant)

di = 1.0 - 0.629 S for 2024-T3maix

di = 0.873 - 0.795 S max for 7075-T651

(ii) For Group B, C and 0 (with interference, clamp-up or sealant)

di - 1.0 - 0.580 S for 2024-T3
max

di - 0.958 - 0.619 S max for 7075-T651

5
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where S max - 0.5 (OK) 2 /E, K - 1 + (Kt - 1)/(1 + IP/R). The equa-

tions above represent the damage index for crack initiation of specimens sub-

Jected to a constant amplitude loading spectrum. For specimens subjected to a

randomized loading spectrum, the damage index 0DfI to initiate a 0.05 inch

quarter-circular corner crack, was determined using weighted average.

(ii) Crack Initiation Constants

1. Strain energy density S - SF(N)m

S = 10.4261 N 0 3 6 6  for 2024-T3

S = 20.4257 N-0. 4 5 1 5  for 7075-T651

where N is the number of cycles to failure.

(iii) Geometry parameters a, 13 ,7

(I) Group A

a13' 1.0

(ii) Group B

o13y= 0.8503 for 2024-T3

0.8126 for 7075-T651

(iv) Other parameters which were found to improve fatigue initiation life

are:

(i) Stress due to faying surface, FAYSUR.

(ii) Stress level due to Hi-Lok clamp-up, FRICT.

As a conservative assumption, the faying surface stress and the Hi-Lok clamp-up

stress may be set to zero.

6
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Figure 2.1-1. Geometrical Configuration of Crack Growth Routine KIO1O
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Figure 2.1-2. Geometrical Configuration of Crack Growth Routine K1020

8



(I -C -C )F

I 2

CF CF

o===-I

LHS MID RHS

K 1030

F

Figure 2.1-3. Geometrical Configuration of Crack Growth Routine K1030
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Figure 2.1-4. Geometrical Configuration of Crack Growth Routine K1040
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Figure 2.1-5. Geometrical Configuration of Crack Growth Routine K1O50
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CRACK CAN BE ON
EITHER SIDE OF

THE HOLE.

K2010

Figure 2.1-6. Geometrical Configuration of Crack Growth Routine K2010
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Figure 2.1-7. Geometrical Configuration of Crack Growth Routine K2020
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Figure 2.1-8. Geometrical Configuration of Crack Growth Routine K2040
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Figure 2.1-9. Geometrical Configuration of Crack Growth Routine K2050
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K2060

Figure 2.1-10. Geometrical Configuration of Crack Growth Routine K2060
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Figure 2.2-1. Geometrical Configuration of Crack Initiation Routine S1010
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Figure 2.2-2. Geometrical Configuration of Crack Initiation Routine S1020
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Figure 2.2-3. Geometrical Configuration of Crack Initiation Routine S1030
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Figure 2.2-4. Geometrical Configuration of Crack Initiation Routine S1040
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Figure 2.2-5. Geometrical Configuration of Crack Initiation Routine S1050
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Figure 2.2-6. Geometrical Configuration of Crack Initiation Routine S1060
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2.3 DANGRO INPUT FORMAT

The following pages describe the input format for the DAMGRO Computer Pro-

gram. Two files are needed to run the program. "File 1" contains geometrical

configurations and material allowables (Ref. Table 2.3-1 and pages 25 through

39) and "File 2' contains the spectrum loading considered (Ref. page 40)
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FILE 1: INPUT DATA CARD NO. 1

DESCRIPTION: TITLE

FORMAT: 20A4

FIELD 1 - 80

VARIABLE TITLE (I)

EXAMPLE SPECIMEN NO. ABC-1 SUBJECTED TO A-1OA LOADING SPECTRUM

VARIABLE DESCRIPTION

TITLE (I) Any alphanumeric data for problem information, fields 1
I = 1, 20 through 80.

REMARKS (1) One title card printed on the first page of the output file.

25
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FILE 1: INPUT DATA CARD NO. 2

DESCRIPTION: MATERIAL OR ID INFORMATION

FORMAT: 20A4

FIELD 1 - 80

VARIABLE RMATID (I)

EXAMPLE 2024-T351 EXT. (REF. DAMAGE TOLERANCE HANDBOOK)

VARIABLE DESCRIPTION

RMATID (I) Any alphanumeric data for material information, fields 1
I = 1, 20 through 80.

REMARKS (1) One title card printed on the first page of the output file.
Non executable data.

26

¶ a a ~ j ~ ~ ~ 17



FILE 1: INPUT DATA CARD NO. 3

DESCRIPTION: CRACK GROWTH RATE CONSTANTS

FORMAT: 6E10.3

FIELD 1 - 10 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60

VARIABLE WALKC WALKM WALKN WALKMC WALKMM WALKMN

EXAMPLE 0.160E-09 0.650 4.554 0.230E-08 1.00 3.115

VARIABLE DESCRIPTION

WALKC ICI coefficient in Walker's equation for R Z 0
WALKI. 'im coefficient in Walker's equation for R >_ 0
WALKMC 'n' coefficient in Walker's equation for R > 0
WALKMC 'C' coefficient in Walker's equation for R <0
WALKMM '' coefficient in Walker's equation for R < 0
WALKMN 'n' coefficient in Walker's equation for R < 0

REMARKS (1) To represent the modified Walker's equation:

da = C ((l-R)m K )n
dN max
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FILE 1: INPUT DATA CARD NO. 4

DESCRIPTION: MATERIAL PROPERTIES FOR CRACK GROWTH

FORMAT: 7F10.4

FIELD 1 - 10 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 61 - 70

VARIABLE CKC KIC SIGMAY CKMXTH SHUTOF RCUT RCUTN

EXAMPLE 58.0 36.0 53.30 2.0 2.3 0.99 -0.99

VARIABLE DESCRIPTION

CKC Plane stress fracture toughness, Kc
KIC Plane strain fracture toughness, Kic
SIGMAY Tensile yield stress, Fty
CKMXTH Kmax for threshold deodn
SHUTOF Retardation shut-off ratio
RCUT Postive stress ratio 'R' cut-off
RCUTN Negative stress ratio 'R' cut-off

REMARKS (1) Executable data when Method 1 is used.
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FILE 1: INPUT DATA CARD NO. 5

DESCRIPTION: MATERIAL PROPERTIES FOR CRACK INITIATION

FORMAT: 8F1O.4

FIELD 1- 10 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 61 - 70 71 - 80

VARIABLE SF RN DMG ELAMOD ZOU ALPHA BETA GAMMA

EXAMPLE 10.426 -0.366 0.872 0.107E5 0.022 0.875 1.0 1.0

VARIABLE DESCRIPTION

SF Crack initiation eqn. constant, SF
RM Crack initiation eqn. constant, m
DMG Damage Index for crack Initiation, di

S ELAMOD Elastic modulus, E
ZOU Nueber material constant, P
ALPHA Stress severity factor parameter, a
BETA Stress severity factor parameter,f
GAMMA Stress severity factor parameter, y

REMARKS (1) Executable when Method 2 is used.
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FILE 1: INPUT DATA CARD NO. 6

DESCRIPTION: CRACK SIZE DATA

FORMAT: 8F10.5

FIELD 1 - 10 11 - 20 21 - 30 31 - 40 41 -50 51 -60 61 -70 71 80

VARIABLE CTI CFI All AF1 C12 CF2 C12 CF2

EXAMPLE 0.050 0.75 0.050 0.188 0.0 0.0 0.0 0.0

VARIABLE DESCRIPTION

CIl Initial crack length of crack No. 1
CF1 Final crack length of crack No. 1
All Initial crack depth of crack No. 1
AFI Final crack depth of crack No. 1
C12 Initial crack length of crack No. 2
CF2 Final crack length of crack No. 2
C12 Initial crack depth of crack No. 2
CF2 Final crack depth of crack No. 2

" REMARKS (1) Initial flaw configuration consistent with the subroutines for
growth and initiation.
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FILE 1: INPUT DATA CARD NO. 7

DESCRIPTION: RETARDATION PARAMETERS AT THE EDGE OF CRACK NO. 1

FORMAT: 8E10.4

FIELD 1 - 10 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 61 - 70 71 - 80

VARIABLE APAOL1 APCOL1 RYAOL1 RYCOLl AKOLl CKOL1 AOL1 COLl

EXAMPLE 0.192E0 I .889E0 .386E-2 .241E-1 .144E2 .208E2 .188E0 .865E0

VARIABLE DESCRIPTION

APAOLI Depth of crack No. 1 plus plastic zone size at overload
APCOLI Length of crack No. 1 plus plastic zone size at overload
RYAOL1 Plane strain plastic zone for crack No. 1 at overload
RYCOLl Plane stress plastic zone for crack No. 1 at overload
AKOLl Depth direction Kmax for crack No. 1 at overload
CKOLI Surface direction Kmax for crack No. 1 at overload
AOLI Depth of crack No. 1 at overload
COLl Length of crack No. 1 at overload

REMARKS (1) Executable when Method 1 is used.

(2) Initial values are equal to 0.0.
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FILE 1: INPUT DATA CARD NO. 8

DESCRIPTION: RETARDATION PARAMETERS AT THE EDGE OF CRACK NO. 2

FORMAT: 8E10.4

FIELD 1 - 10 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 61 - 70 71 - 80

VARIABLE APAOL2 APCOL2 RYAOL2 RYCOL2 AKOL2 CKOL2 AOL2 COL2

EXAMPLE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

VARIABLE DESCRIPTION

APAOL2 Depth of crack No. 2 plus plastic zone size at overload
APCOI2 Length of crack No. 2 plus plastic zone size at overload
RYAOL2 Plane strain plastic zone for crack No. 2 at overload
RYCOL2 Plane stress plastic zone for crack No. 2 at overload
AKOI2 Depth direction Kmax for crack No. 2 at overload
CKOI.2 Surface direction Kmax for crack No. 2 at overload
A01-2 Depth of crack No. Tat overload
COL2 Length of crack No. 2 at overload

REMARKS (1) Executable when Method 1 is used.

(2) Initial values are equal to 0.0.
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FILE 1: INPUT DATA CARD NO. 9

DESCRIPTION: FATIGUE DAMAGE PARAMETERS

FORMAT: 6E00.4

FIELD 1 - 10 11 - 20 21 - 30 31 - 40 41 -50 51 -60

VARIABLE DMG1 DMGOL DELOGI DM62 DMGOL2 DELOC2

EXAMPLE .333E0 .685E-04 0.0 .430E-01 .179E-05 0.0

VARIABLE DESCRIPTION

DMG1 Accumulated damage for site No. 1
DMGOL1 Damage at overload for site No. 1
DELOG1 Accumulated damage for site No. 1 since last overload
DMG2 Accumulated damage for site No. 2

" " DMGOL2 Damage at overload for site No. 2
DELOG2 Accumulated damage for site No. 2 since last overload

REMARKS (1) Executable when Method 2 is used.

(2) Initial values are equal to 0.0.

33

I..* **i** ...... ~~*



FILE 1: INPUT DATA CARD NO. 10

DESCRIPTION: MODEL GEOMETRY AND LOADING CONFIGURATION

FORMAT: 7F10.4, F5.1, F5.2

FIELD I - 10 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 61 - 70 71-75 76-80

VARIABLE THK RADIUS B1 B2 BOLTM1 BOLTM2 EOD CBK PINDEF
A I

EXAMPLE 0.188 0.125 2.14 0.5 0.0825 -0.0026 5.0 20.0 1.06

VARIABLE DESCRIPTION

THK Thickness of specimen
RADIUS Radius of middle hole
81 R.H.S. edge distance to mid hole
82 L.H.S. edge distance to mid hole
BOLTM1 Fraction of load transfer by mid bolt - C1
BOLTM2 Fraction of Load transfer by mid bolt - C2
EOD E/D ratio
CBK % countersunk height
PINDEF Pin deflection

REMARKS (1) Executable for both Methods.
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FILE 1: INPUT DATA CARD NO. 11

DESCRIPTION: MODEL GEOMETRY AND LOADING CONFIGURATION

FORMAT: 8F10.4

FIELD 1 - 10 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 61 - 70 71 - 80

VARIABLE RADI RAD2 HODISi HODIS2 BOLTRI BOLTR2 BOLTL1 BOLTL2

EXAMPLE 0.125 0.0 1.64 0.0 0.0825 0.0100 0.0 0.0

VARIABLE DESCRIPTION

RADI Radius of R.H.S. hole
RAD2 Radius of L.H.S. hole
HODIS1 Distance between mid and R.H.S. holes
HODIS2 Distance between mid and L.H.S. holes
BOLTRI Fraction of load transfer in R.H.S. bolt - C1
BOLTR2 Fraction of Load transfer in R.H.S. bolt - C2
BOLTL1 Fraction of load transfer in L.H.S. bolt - C1
BOLTL2 Fraction of Load transfer in L.H.S. bolt - C2

REMARKS (1) Executable for both Methods.
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FILE 1: INPUT DATA CARD NO. 12

DESCRIPTION: SURFACE STRESSES

FORMAT: 2F10.4

FIELD 1 - 10 11 - 20

VARIABLE FRICT FAYSUR

EXAMPLE 3.00 2.00

VARIABLE DESCRIPTION

FRICT Friction stress due to fastener pre-load
FAYSUR Faying surface friction stress

REMARKS (1) Executable for both Method 1 and Method 2
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FILE 1: INPUT DATA CARD NO. 13

DESCRIPTION: SPECTRUM AND ROUTINE SELECTION

FORMAT: 815 (RIGHT JUSTIFIED)

FIELD 1 - 5 6 - 10 11 - 15 16 - 20 21 - 25 26- 30 31 - 35 36 - 40

VARIABLE IRESTA NSOLD NCRKS NINITS IRETAD NBLKS KID LID

EXAMPLE 0 0 1 2 1 100 1010 1010

VARIABLE DESCRIPTION

IRESTA 1 a re-start problem, otherwise 0
NSOLD Old step number from spectrum at stop
NCRKS Number of crack tips
NINITS Number of crack initiation sites
IRETAD Code to include retardation 1, otherwise 0
NBLKS Maximum number of blocks for analysis
KID Stress intensity factor code KXXXX subroutine
LID Stress concentration factor code SXXXX subroutine

REMARKS (1) Routines selection (Ref. Figures 2.1-1 through 2.2-6).
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FILE 1: INPUT DATA CARD NO. 14

DESCRIPTION: STRINGER'S VARIABLES

FORMAT: 8F10.4

FIELD JI - 10 11 -20 21 -3031 -40 41 -50 51 -60 61 -70 711-80

VARIABLE VARI VAR2 VAR3 VAR4 VAR5 VAR6 VAR7 VAR8

EXAMPLE 1.2A26 1.414 10.462 1.-0 10.2658 10.0 10.0 10.0

SUBROUTINE

VARIABLE K2010 K2020 K2040 K2050 K2060

VARi Wi W1 W1 HTG D
VAR2 W2 W2 W2 XBAR XBAR
VAR3 T2 T2 T2 YBAR YBAR
VAR4 SF3 SFJ SF3 Inx Ixx
VAR5 CLTD CLTD CLTD Iyy Iyy
VAR6 IXY Ixy

4VAR7 72 TU
VAR8

REMARKS (1) User defined variables used only with subroutines K2010,
K2020, K2040, K2050 and K2060.

(2) Definition of variable reference pages 41 and 42.
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FILt 1: INPUT DATA CARD NO. 15

DESCRIPTION: SPECTRUM DESCRIPTION

FORMAT: 3F10.4, 110

FIELD 1 - 10 11 - 20 21 - 30 31 - 40

VARIABLE FLTBLK BLKLIF FLTHR ISTRES

EXAMPLE 120.0 25.0 6000.0 1

VARIABLE DESCRIPTION

FLTBLK Total number of flights in one block
BLKLIF Total number of blocks in one design lifetime
FLTHR Total number of flight hours in one design lifetime
ISTRES Flag for output of stress spectrum (=1 if desired)

REMARKS (1) Non executable variables.

3
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FILE 2: INPUT DATA CARD NO. 1

DESCRIPTION: LOADING SPECTRUM

FORMAT: 3F10.3

FIELD 0 - 10 11 - 20 21 - 30

VARIABLE SIGMAX(I) SIGMIN(l) CYClI)

EXAMPLE 21.7 - 5.0 135.0

35.0 21.0 3.0

VARIABLE DESCRIPTION

SIGMAX(I) Maximum stress level
SIGMIN(I) Minimum stress level
CYC(I) Number of cycles in the layer

REMARKS (1) Maximum 3000 stress layers.
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TABLE 2.3-2. VARIABLES DEFINITION OF SUBROUTINES K2010, K2020 AND K2040

S-- • . --- T2

I CLTD T1T

(a) 'TEE' SECTION L I

a CR

CLTD = (Ti2 + T22)112 

0

SF3 = 0 Crack grows toward upstanding leg W1 W2

= 1 Crack growth away from upstanding leg

- IJ1 T2

1  a OCR 7

-'---W1 W2

--- - W2

(b) 'L' SECTION

T2

CLTD W2 if W2E >11 T

CLTD -T1 I f T1 > W2
a CR- -+--
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TABLE 2.3-3. VARIABLE DEFINITIONS OF SUBROUTINE K2050

y

HGT = Stringer Height

XBAR = x TU

YBAR = y HGT C2

1xx = moment of inertia x - x

I = moment of inertia y- y x
*yy

Ixy = product of inertia x-y C-

TU = Thickness of upstanding leg

TABLE 2.3-4. VARIABLE DEFINITION OF SUBROUTINE K2060

D = Distance from Q of hole to outer surface of upstanding leg

XBAR = Y

YBAR =

I = moment of inertia x - x
xx

Ivy = moment of inertia y - y C1

Ixy = product of inertia x - y T1

T2 = Thickness of upstanding leg ,

42
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3.0 EXAMPLE RUNS

This section presents three (3) examples to illustrate the usage of DAMGRO

Computer Program. They include the following:

(1) Skin section subjected to a constant amplitude loading, with maximum

gross stress of 17.0 KSI, R = 0.10 (Ref. pages 44 through 65).

(2) Skin section subjected to a randomized loading spectrum. The modified

Willenborg model was applied (Ref. pages 66 through 90).

(3) Stringer section subjected to a constant amplitude loading spectrum,

with maximum gross stress of 17.0 KSI, R - 0.10 (Ref. pages 91 through

107).
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" KAMqPLE 1: SKIN SECTION SUBJECTED TO CONSTANT AMPLITUDE LOADING
/ \- CSK HOLE

GEOMETRY: 

CKHL

""---INITIAL
I FLAW •198

•.~~~ 10- ... 1,540 -- 8. !80

MATERIAL:

2024-T3 SHEET

LOADING SPECTRUM:

CONSTANT AMPLITUDE

0 max = 17.0 KSI Umin = 1.7 KSI

REF. PAGES 45 THROUGH 65

I4
.4

4.

-* 44
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TABLE 3.1.1. EXAMPLE 1, METHOD 1 SUMMARY TABLE

REF. PAGES 46 THROUGH 51
SINITIAL

FLAW/
/

02 0i1 a3

a1  02 a 3 LIFE ROUTINE RUN
(IN) (IN) (IN) (CYCLES) GROWTH NO.

.050 0 .005 0 K1010 1

.102 0 10,000 K1010 1

.220 0 20,000 K10i0 1
.419 0 30,000 K1010 1
.788 0 40,000 K1010 1

1.39 0 46,625 K1010 1
0 .380 48,025 K1030 2
0 1.034 50,025 K1030 2
0 1.955 52,625 K1030 2
0 3.484 54,625 K1030 2
0 7.303 56,198 K1030 2

NO. OF CYCLES TO FAILURE = 56,198 CYCLES
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TABLE 3.1.1-1. EXAMPLE 1, METHOD 1. RUN 1 INPUT FILE

EXAMPLI RI.N NO. I SPECIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING SPECTRUM
2024-13 StILET
2.2374L-09 0.70 3.3386 6.2126E-9 0.00 2.9783

116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 -. 366 z.887 10700.0 0.022 1.000 1.0 1.0
0.050 1.390 0.050 0.188 .0000 0.000 0.000 0.000

0.000E+000. 000E+000. 000E+000.0000E+G00.OOOOE+OG.OOOOE+000 .00OE+00 . 000E+00
.O00O0E+000.0000E+000.0000E+00.0•••E+O0O.OOOEE÷00.OOOOEE0.OOOOEE+000.0000EE+00

0.O000E+0OO.OOOOE+000.OOOOE+OOO.OOOOE÷000.OOOOE+OOO.OGOOE÷O0
0.188 0.1250 8.18 9.82 0.00000 .00000 99.900 50. 1.00

0.0000 0.1250 0.00 1.64 0.00000 .00000 0.00000 .00000
0.000 0.0000
0 00 1 0 1 1001 010 0000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 25.0 6000. 1

TABLE 3.1.1-2. EXAMPLE 1. METHOD 1, RUN 1 OUTPUT FILE

DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 *****

EXAMPLE RUN NO. I SPECIMEN SUBJECTED TO CONSTANT AMPLITUDE LOADING SPECTRUM

THIS ANALYSIS STARTS AT THE BEGINNING OF THE STRESS SPECTRUM *

NO. OF SITES TO BE ANALYZED CRACK GROWTH - t; CRACK INITIATION - 0
CORRESPONDING DAMAGE CODES CRACK GROWTH = 10i10 CRACK INITIATION = 0

LOAD INTERACTION : NONE

MATERIAL : 2024-T3 SHEET
WALKER EQ. CONST. (+R) C = 0.224E-08, M -0.700, N -3.339
WALKER EQ. CONST. (-R) C = 0.621E-08, M =0.000, N =2.978
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-OFF RATIO = 2.300
+R CUT-OFF = 0.9900, -R CUT-OFF - -0.9900
YIELD STRENGTH 53.000
ELASTIC MODULUS = 0.1070E+05
PL. STRESS FRACT. TOUGHNESS = 116.00
PL. STRAIN FRACT. TOUGHNESS = 36.00
DAMAGE INDEX FOR CRACK INITIATION = 0.892
NE:UFER MATERIAL CONST. = 0.022
CRACK INITIATION EQ. CONST. : SF = 10.426, M =-.366
STRESS SEVERITY FACTOR PARAMETERS :

ALPHA = 1.0000, BETA = 1.0000, GAMMA = i.0000

SPECIFIED DAMAGE CONDITIONS
INITIAL CRACK LENGTH OF CRACK NO. 1 0.05000
FINAL CRACK L.ENGTH OF CRACK NO. 1 1.39000
INITIAL CRACK DEPTH OF CRACK NO. 1 0.05000
FINAL CRACK DEPTH OF CRACK NO. i 0.19800
INITIAL CRACK LENGTH OF CRACK NO. 2 0.00000
FINAL CRACK LENGTH OF CRACK NO. 2 0.00000
INITIAL CRACK DEPTH OF CRACK NO. 2 0.000n0
FINAL CRACK DEPTH OF CRACK NO. 2 : 0.000'0
PARAMETERS FROM PREVIOUS CRACK GROWTH HISIORY :

APAOLi = .00OE+00, APCOLI = .OOOE+00, RYAOL. a .OOO+00, RYCOLI = .OOOE+OC
AKOLI = .OOOE#00, CKOLI = .OOOE+00, AOLi = .)OOEL00, COLl - .OOOF4O0

APAOL2 = .O000EO0, APCOL2 = .00E+00, RYAOL2 - .000E00, RYCOL2 .00016 00
AKOL2 - .000E400, CKOLI2 = .O00E+00, AOL? -. 000E÷00, (:0L2 - .00-4 +00

PARAMETERS FROM P'REVIOUS CRACK INITIATION HISTORY
DMGI = .000E÷00, DMGOt I =.OOOOF+00, DEI DGI' =.OOOE+00
DMG2 = .000F +00, DMG0I.2 -. OOOE+00, DF.1DF? =.O(O0F00
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TABLE 3.1.1-2. EXAMPLE 1. METHOD 1, RUN 1 OUTPUT FILE (CONIT.)

COMPONENT GEOMETRY
THICKNESS OF PLATE 0.18800
RADIUS OF MID. HOLE 0.12500
RATIO OF PLATE LENGTH TO HOLE DIAMETER, E/D 99.89999
DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE 9.82000
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE 8.18000
FRACTION OF LOAD TRANSFER BY MID. BOLT 0.00000, 0.00000
RADIUS OF THE R.H.S. HOLE : 0.2500
DISTANCE BETWEEN MID. AND R.H.S. HOLES 1.64000
FRACTION OF LOAD TRANSFER BY R.H.S. BOLT 0.00000, 0.00000
RADIUS OF THE L.H.S. HOLE : 0.00000
DISTANCE BETWEEN MID. AND L.H.S. HOLES 0.00000
FRACTION OF LOAD TRANSFER BY L.H.S. BOLT 0.00000, 0.00000
PERCENTAGE OF COUNTERSINK DEPTH W.R.T THICKNESS 20.0
STRESS CONCENTRATION DUE TO PIN DEFLECTION 1.00
FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
FAYING SURFACE FRICTION STRESS 0.0000

STRESS SPECTRUM
NO. OF BLOCKS SPECIFIED FOR ANALYSIS 100
TOTAL NO. OF CYCLES IN ONE BLOCK 10000.000
TOTAL NO. OF FLIGHTS IN ONE BLOCK 120.000
NO. OF BLOCKS IN ONE DESIGN LIFETIME 25.000
NO. OF FLIGHT HOURS IN ONE DESIGN LIFETIME 6000.000
MAXIMUM PEAK STRESS OF THE SPECTRUM 17.000
NO. OF STRESS LAYERS IN ONE BLOCK 1O

STRESS LAYERS IN ONE BLOCK
STEP SIGMA-MAX SIGMA-MIN CYCLES STEP SIGMA-MAX SIGMA-MIN CYCLES

1 17.000 1.700 1000.000 2 17.000 1.700 1000.000
3 17.000 1.700 1000.000 4 17.000 1.700 1000.0(I0

5 17.000 1.700 1000.000 6 17.000 1.700 1000.000
7 17.000 1.700 1000.000 a 17.000 1.700 1000.000
9 17.000 1.700 1000.000 10 17.V00 1.700 1000.000
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TABLE 3.1.1-2. EXAMPLE 1, METHOD 1. RUN 1 OUTPUT FILE (CONCLUDED)

D A M A G E G R 0 W T H H I S T 0 R Y *****

BLOCK Cl C2 KMAX-Cl KMAX-C2 DCI/DF DC2/DF INITIAl INITIA2
Ai A2 KMAX-Ai KMAX-A2 DAi/DF DA2/DF KNi KN2

0.0 0.05000 0.00000 9.054 0.000 OOOE+00 .OOOE+00 .OOOE+00 .OOOE+00
0.05000 0.00000 11.348 0.000 .OOOE+00 .OOOE+00 .OOOE+00 .O00E+00

1.0 0.10203 0.00000 12.570 0.000 .434E-03 .OOOE+00 .OOOE+00 .OOOE+00
0.13103 0.00000 13.606 0.000 .675E-03 .OOOE+00 .OOOE+00 .OOOE+00

STABLE BREAK-THROUGH OF CRACK NO. i OCCURS AT :
CYC= 135.0, STEP = 6, BLOCK = 2, CRACK DEPTH 0.18805

CRACK DEPTH IS SET EQUAL TO PLATE THICKNESS 0.1880 INCHES

2.0 0.22022 0.00000 15.227 0.000 .985E-03 .OOOE+00 .OOOE+00 ,O00E+OC
0.18800 0.00000 0.000 0.000 .475E-03 .OOOE+00 .OOOE+00 .OOOE+00

3.0 0.41962 0.00000 17.733 0.000 .166E-02 .OOOE+00 .000E+00 .OOGE+OC
0.18800 0.00000 0.000 0.000 .OOOE+00 .GOGE+00 .000E+00 .OOOE+00

4.0 0.7881i 0.00000 22.009 0.000 .307E-02 .OOOE+00 .OOOE+00 .000E+OC
0.180oo 0.00000 0.000 0.000 .OOOE+00 .OOE+00 .000E+00 .GOOGE+OC

"CRACK NO. I HAS REACHED THE SPECIFIED LENGTH 1.3900 INCHES AT :
CYC = 625.0, STEP = 7, BLOCK = 5, CKMAXS= 63.24, Ci= 1.39096

TERMINATE DAMAGE COMPUTATION

CRACK LENGTHS AT THE TERMINATION OF CRACK INITIATION COMPUTATION
Cl = 1.39096, Ai = 0.18800, C2 - 0.00000, A2 = 0.00000

RETARDTION PARAMETERS AT THE TERMINATION OF CRACK GROWTH COMPUTATION
APAOLi = .OOOE+00, APCOLi = .OOOE+00, RYAOLi = .OOOE+00, RYCOLI = .00OE+Oc

AKOLi = O00E+00, CKOLi = .080E+00, AOLi = .000E+00, COLI = .O00E+OC
APAOL2 = .000E+00, APCOL2 = .OOOE+00, RYAOL2 = .O00E+00, RYCOL2 = .000E+0C

AKOL2 = .OOOE+00, CKOL2 = .OOOE+00, AOL2 = .OOOE+00, COL2 = .O00E+OC
RETARDATION PARAMETERS AT THE TERMINATION OF CRACK INITIATION COMPUTATION

DMGI = .O00E+00, DMGOLi =.O00E+00, DELDGi =.O00E+00
DMG2 = .OOOE+00, DMGOL2 =.O009E00, DELDG2 =.OOOE+00
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TABLE 3.1.1-3. EXAMPLE 1, METHOD 1, RUN 2 INPUT FILE

EXAMPLE kUN NO. I SFPCIMEN SUBJECTED ro CUNS1AN1 AMLITUDL LUADING- SF'LCfkUM
2024 13 SHI.ET
2.2374E-09 0.70 3.3386 6.2126E-9 0.00 2.9783

116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 -. 366 0.887 10700.0 0.022 1.000 1.0 1.0
0.055 8. 80 0.072 0.188 .0000 0.000 0.000 0.000

0.0000E+000.0000E+000.O000E+000.OOOOE+000.0000E+000.0000E+000.0000E+000.OOOOE+00
e. 0000E+000.0000E+000.O0OOE+000. 000E+000. 0000E+000. OeOOE4000.OOOOE+000. OOOOE+00
0.0000E+000.0000E+000.OOOOE+000.0000E.000.0000E+000.O000E+00

0.188 0.1250 e.ia 9.82 0.00000 .00000 99.900 50. 1.00
0.0000 0.'1250 0.00 1.64 0.00000 .00000 0.00000 .00000
0.000 0.0000
0 00 1 0 1 100 1030 0000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 25.0 6000. 1

TABLE 3.1.1-4. EXAMPLE 1, METHOD 1, RUN 2 OUTPUT FILE

DETAILED DAMAGE G•ROWTH ANALYSIS P'(TFAM 1) A M G R (0 *#**

EXAMr'LE RUN NO. i SF'FC1:MTN SLUBJECTED TO CONSTANT AMFLI IUDE LOADING SPECTRUM

• THI ANALYSIS STARTS AT THE BEGINNING OF THE STRFSS SFE(.TRUN *

NO. OF SITES TO PE ANALYZED CRACK GROWTH = i CRACK INITIAITON = 0
CORRF:'[ONIING DAMAGE CODES CRACK (;ROWTH 10*,,0; r.RAC'K INTTIAITON = C

LOAD INTERACTION NONE

MATERIAL : 2024-T3 SHEFT
WALKER EQ. CONST. (+R) C = 0.224E-08, M =0.700, N =3.3,39
WALKER EQ. CONST. (-R) C = O./,2iE-08, M =0.000, N :-:2.9711
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-OFF RATIO = 2.3)00
+R CUT..OFF = 0.9900, -R CUT-OFF ý -0.9900

YV.ILI) S•TRINGTH 53. 000
Fl. ASTIC MoDIDL US 0.1 070E4.05
Ft . STREIS. FRACT. 1I(IIGHNE.S l16.00
F .... STRAIN F RACT, TOU.IGHNESS 36.00
DAMAGE INDFY FOP CRACK INITIATION 0.89'..
NE;IBE-R MATERIAL C(.NST. = 0.022
CRACK INITIATION CO. CONSI. S.F 10.426, M -366
SV'RESS SEVERITY FACTOR PARAMEITERS

ALPHA = i.0000, BEIA :: i .0000, (GAMMA i .nO0000

SPECIFIED DAMAGE CONDITIONS
INtI TIAI, CRACK LrNC TH OF: CRACK NO. i O,0o5.W'
F I NJAL CRACK LENG-TH OF CRACK NO. i 1' (10•-'N
]IrTIAI A rlRACKV 1I)r:'TH OF CRACK Oil , (1 07?(l'0
F itAL IVF ACK DEPTH IF CRACIK NO. iO.tII P
INITIA*. FRACK LENGIH OF CRACY NO. 2 0 (1 .("1t
F:T 0AI. CRACK I..EN(;TIH fIr CRA I:K N. . :) : o bO. o
INITIAlA. ;;RACK DEF" T OF CRACK 1(0 2 0. 0000
r"FINAL (:PACK DF I'H OF CRACK Nfl. '2 : 0,00000
F'AF.rAMF TERS FRoM F'RF'VIOUS CRACKI( Fl; OWTH H17TOPY

AFAOL I . 00,0F#00, AFC(OLI .00,'E+00, RYAOLI j . OOOC 400. ':YCf)f I . 00M f.00
oAKflI. i :. EOOOE4 0 K 1 . KOLA, I . ' ' * 0 A+0 . I .. 00 )f: 11 , * 0l " . " `,, I,'l

Ar'AOL.2 .= 0 1)OE.'4)0 , AP:'Jt:n.? ':: -. 0(4" #00, RyAYC 2, . o O .o R ?y0 1 f,'," ,
AK 01• 2 . O O EO 00 , CKnI. 2 . O('OF + (10 , AP11 2 T : .. ,, (:(If " . ",'"tl( 4 01)

I'ARAMME TERS FROM PUr VTi oI..Y ( RAI K [NIl EATION H :I';T orY

0MG1..' ).* ; t, , , r 0 1 D 1 6.2 I . ,•O . 0, vrl ni i fe lt)
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TABLE 3.1.1-4. EXAMPLE 1, METHOD 1, RUN 2 OUTPUT FILE (CON'T.)

COMPONENT GEOMErTRY
THICKNESS OF PLATE: O.i 3800
RADIUS. OF MID. HOLE : 0. 1 ;100
RATIO OF PLATE LENGTH TO HOLE DIAMETER, E/D 99. 099Q9
DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE 8.18000
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE 9.202000
FRACTION OF LOAD TRANSFER [BY MID. BOLT 0.,'1000, 0.00000
RADIUS OF THE R.H.S. HOLE : 0.00000
DISTANCE BErWEEN Ml1). AND R W.HIS HOLES 0.00000
FRACTION OF LOAD TRANSFER BY R.H.S. BOLT : 0.00000, 0.00000
RADIUS OF THF I..H.S. HOLE : 0, 12500
DISTANCE: BETWEEN MID. AND L.H.S. HOLES I ,'.4000
FRACTION OF LOAD 'TRANSFER BY I .H.5. BUI T 0. ,'0000, 0.00"00
f PERCENTAGE OF COUNT'lE-RS''INK DEP'TH W.R.T THICKNESS 20.0
S•TRF'ESS CONCENTRATION DUE TO PIN DEFtLECTIOI! : i. 00
FASTENER HEAD OR COILLAR FRIC*'TION STRESS 0 -0000
FAYING SURFACE F*RICTION SITFES V 0.,)000

STRESS SPECTRUM
NO. OF BL..OCKS SPEC[FIEI) FOR ANALYSIS I0('0
TOT 'A I.. N O . (IF ' C Y' l F , IN O NE. F. O f) 0 ,'O l (i ,. (.
TOTAL NO. OF: FL. GIHTS IN ONE) N .l OCK 1 '•,o
NO, OF HO..1CVK.• SIN ONE TI•.SIGN LIIFT[ME' :'(,"
NO. OF FL IGHT" HOURS IN ONE hF.: rIGN LIIFETI'ME 600 0, OW)
M t, l tIlU M FPEA• I 'TRt :S Of THE 1 . ' 'EC TT JM : I 6" "
NO. OF STRES, S L.A'FRS IN ONEr BLOCK 2
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TABLE 3.1.1-4. EXAMPLE 1, METHOD 1, RUN 2 OUTPUT FILE (CONCLUDED)

STRESS LAYERS IN ONE BLOCK
STEP SIGMA-MAX SIGMA--MIN CYCLES STEP SIGMA.MAX ?IGMA MIN CYCI.FCV

I 1 7. 000 1.700 1000.000 2 17.0,000 1.700 1000.,.0-0

STABLE BREAK-THROUGH OF CRACK NO. i OCCURS AT
CYC= 946.0, STEP = i, BLOCK = 1, CRACK DE'TH = 0. 1 iB93

CRACK DEPTH IS SET EQUAL TO PLATE THICKNESS 0.1880 INCIII.S

0.0 0.05500 0.00000 23.358 0.000 .00F4.00 o oor+o0 .O000O+00 O.00E400
0.07200 0.00000 25.781 0.000 .000+400 oOf: -o00 .0oo.+.'o00 O00E '00

1 .0 0.38048 0.00000 35.300 0.000 ,271F '02 .00oor ;60 .00E-400 .000E#00
0.1i8600 0.00000 0.000 0,000 .967E--03 .0•0F 0 0.0001.-00 000E '00

2.0 1.03462 0. 000)0 39. 5'%'a 0.000 .545r: 02 .0001 +An .00(0f 0 00,00 , O 00
O. I8800 0. 00000 0.000 0.000 . o00E 0.0 . 0001 ,0 . 00OC1.o0 O,)OE f.00

3.0 1.95571 0.00000 44.499 0.000 .76BE-02 .000+0: + 0 000_10 .000F(4.10
O.1i800 0.00000 0.000 0.000 .O00E+00 .0001::.400 .ooor+oo .ooor)*E00

4.0 3.48375 0.00000 54.072 0.000 . 1 27F-01 .000(0 .O00E)40 . 000E ' 0
O.1i8O0 0.00000 0.000 0.000 .OOOE+00 .0O00E.4.00 .006E+00 .00E-400

UNSTAF'LE GROWTH OF CRACK NO. i OCCURS AT:
CYC = 573.0, STEP = 2, BLOCK = 5, CRACK LENGTH = 7.30257, CKMlAX;r--ii6,4

THE OTHER CRACK LENGTH = 0.00000
TERMINATE DAMAGE COMPUTATION

RETARDTION PARAMETERS AT THE TERMINATION OF rrFACK GPOWTH LOMr'i.TATION
AFAOLi = .O00E+00, APCOI..i = .GOG0E+00, RYAOI. 0001":.'. 4 Y0OL. .Ot'YOE 00

AKOLi = .O00E+00, CKOLi .O00E+00, AOLI = .O00E. 0, COLi = .000E-.)
AF'AOL2' = .000E+00, APCOL2 . 000E#-00, RYAOL2 . 000+0", RYCOL2 = 000F F00

AKOL2 = . 0001 '.0. CKOL2 ".O000E+00, AOL2 2' 000, '."), (il.2 =. 7I.T.,

RETOf-T:ArTON PAr'AMEIFRS Al 11-IF TFRMINA1IION OF CRACK' li0JT],•TON COMr"lJTAT1 0,4
DMG i = .OOOE+F0, DMGOLI ,00E.OEf00, DELDGI =:.Ojfl,(C.00
PMG 2 = .000F+00 DMGOL2 --. O00E+00, DEl.DC) =F I lflW400
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TABLE 3.1.2. EXAMPLE 1, METHOD 2 SUMMARY TABLE

REF. PAGES 53 THROUGH 65

INITIAL
FLAW

2 0-1 03

a 1 a 2 a 3 LIFE ROUTINES RUN

(IN) (IN) (IN) (CYCLES) GROWTH INITIATION NO.

.050 0 0 0 K1010 S1lO1 1

.102 0 0 10,000 K1010 $1010 1

.220 0 0 20,000 K1010 SI01 1

.419 0 0 30.000 K1010 S1lo1 1

.788 0 0 40,000 K1010 $1010 1

.904 0 0 42,000 K1010 $1010 1
1.048 0 0 44,000 K1010 SlO10 1
1.246 0 0 46,000 K1010 S1lOl 1
1.39 0 0 46,625 K1010 S1lo1 1

.050 0 51,625 - S1040 2

.330 0 53,625 K1030 S1050 3

.961 0 55.625 K1030 S1050 3
1.364 0.050 56,625 K1030 S1050 3
2.618 1.233 58,625 K1050 - 4
3.254 4.572 59,625 K1050 - 4

NO. OF CYCLES TO SECONDARY CRACK INITIATION - 51,625 CYCLES
NO. OF CYCLES TO FAILURE - 59,625 CYCLES
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TABLE 3.1.2-1. EXAMPLE 1, METHOD 2, RUN 1 INPUT FILE

EXAMPLE RUN NO. 1 SPECIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING SPECTRUM
2024-T3 SHEET
2.2374E-09 0.70 3.3386 6.2126E-9 0.00 2.9783

116.00 36.0 53.0 2.0 2.3 0.99 -0.99
1 0.4'6 -. 366 0.992 10700.0 0.022 f.000 i.0 1.0
0. 050 1.390 0.0050 O.168 .0000 0.000 0.000 0.000

0. OOOOE+000.OOOOE+000. GOCEtOGO.OOOOE+000 . 000EO0.0E000OE+000. .0O0E+000..0000E+000.O000E+0

0. OOOOE+000+.OGOGEtOGO. OGOGEtOOGOEtOGO .OGOGE000. GOOE÷G0O. OOO0E+000. 0000E+00
O.OOOOE+000.oOOoE*'0o.o000E+000.OOOE+OO.OOOOE+Ooo.ooooE+00

0.199 0.1250 8.18 9.82 0.00000 .00000 99.900 50. 1.00
0.0000 0.1250 0.00 1.64 0.00000 .00000 0.00000 .00000
0.000 0.0000
0 00 1 2 1 100 1010 1010
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 25.0 6000. 1

TABLE 3.1.2-2. EXAMPLE 1, METHOD 2, RUN 1 OUTPUT FILE

•M**N DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 *****

EXAMPLE RUN NO. i SPECIMEN SUBJECTED TO CONSTANT AMPLITUDE LOADING SPECTRUM

* THIS ANALYSIS STARTS AT THE BEGINNING OF THE STRESS SF'ECTRIJM *

NO. Or SITES TO BE ANALY7ED CRACK GROWTH 1; CRACK INTTIATION =
__ ORRESPONDING' DAMAGE CODES CRACK GROWTH 1010; CRACK INITIATION = iCY'

LOAD INTERACTION NONE

MATERIAL 2024-T3 SHEET
WALKER EQ. CONST. (OR) C 0.224E-0O8, -M0.700, N "=3.339
WALKER EQ. COINST. (.--R) C = 0.6.IE-08, M =0.000. N :.2.9'7O3
MAX. K FOR DC/DN THRESHOLD 2.000
RPTARDATION SHUT-OFF RATIO ::- 2.300
4F' CUT'-.OFF = 0.9900, ..R CUT OFF = .0.9900
YIFlD S TRENGTH 53.000
El0 ,X [IC MfIDJLI.IS = 0.1 0701 -05
fl . STRESS FRACT. TOIIGUHNE; 55 1- 114.00
PL. STRAIN FRACU . I (IJUIGHNE, = 3.00
DAMAGE INDEX FOR CRACK INIlIATION - 0.892
NEUBER MATERIAL CONST. :1. 0.022
CRACK INITIATION EQ. CONST. : SF 10.426, M =-.366
STRESS SEVERITY FACTOR PARAME:TE:RS

ALPHA 1: i.0000, FIETA I .0600, GAMMA i- I.0000()

SPECIFIED DAMAGE CONDITIONS
INJ T IAL CRACK I..NI.TOH Or' CROCK NO. i o.,0' ,

F I NAL CRACK LENGTI I OF CRACK NO). I I.,390"',
INETTAL C.RACK DEPTH 01 CRACK PH. I o 0.('50'?"'
FINAL CRACK DEPTH OF C'RACK N1i. 0. 1:000
INITIAL CRACK LENGTH or CRACK NOl. 2 0. 00000
FINAL CRACK LENGTH OF CRACK NO, 2 0 . 00600
INITIAL. CRACK DEFPTH OF CRACK 0O. 2 0.o0000,
FI[NAL CRAC[ DEPTH OF ('CRACK NO. 2 " o.,0000
PAPAME TFRF FROM PREIVI([ CRA(CI GROWTH HI .¢Tr'Y

AF'AOI .= O0OE00. AP( 01i AOOF. ±Oo. RYAoI_ I n•oni 4 00. [Cr f I..I (o, -01 ,
AKO i . 0O00F,#.00 . CKRII 000F100, ,A,)I I . 006"' .(•O '0 . I 0l.1 .00(o[ 4,0 '
,F'APA --= .OOOE#00 . APIc I .. -. ,00 . 00, RY2 I '. 00([ w.00 R'r'f Oo.:f = .,O F'Or # 0
AKOL 2 -r .0001 f00, 1: X (1 "2 0F-'OO '"0, ,fdll ' (" 0001 f ) 'I l " = :)n I 40;

PARAMEPTRS FROM P'RE'VIOUSJ.7 'RAl' INITIATION I F•rXOP.'i
DMI, I : .0001" 00 , DM1.i1 I '',OOF 0 ý,')O , t • T 1',01 -) ",

DM1.2s. 0001 .0 01..'ý "()OF P0 00
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TABtE 3.1.2-2. EXAMPLE 1, METHOD 2, RUN 1 OUTPUT FILE (CON'T.)

COMPONE"NT GEOIMETPY
TJIICKNESS'. OF PLATE 0.1 B000
RADIUS OF: MID IIlOLF1 0. 120
RATIO OF PLATE LENGTI- TO HOLE DIAMETER, E/D 99.8~999Y
DISTANCE BETWEEF.N MID. HOh..E AND R.H.S% . DGE 9. 0200t ,'
DI STANCE H.ETWEE .N MT 1'. HOLE AND I.H .EDGE* 0. 1011900
[[-ACTJON OF: LOAD T.F., NA:,UF:R BY MJ01. Wi'.-T 0 . 00000 0 . 00000

V I 'STANCA IFBETIJEFT t MID, ANT) R .0.8. HOLES4I(.
I' '6 C;T 10 ON OF LOAD rRANsErwt B.'Y R . lS. BOLT 0.,V O0"00 , (. 00000
RsADIIJ 1 'W or 1THE L . H ., Hrll.1"E 0. 4A 00
D ISTIAN CE BETWEEN MID). AND 1 . H. S. HOLES A.0 A ) (
F' FACTIO(N OIF LOAO TRA(NSrFER PY L .1.S. BOL.T ~ '00,,)O0, 0. 0 00'f
PE RC ENTAGE: Of' COUtNTEPSI.NK vPEE.rti W .R. T THICKNESS 20.0
SI RESS ECINCE NTRAT ION DOE T11 FIN DEFt ECTION j . 00
FASTENERP HE.-AD) OR COLLAI7' FRICTION STRESS 0.00.,10
FAY ING S"URFACE FRUETV1 N STRVESS 00 0

STRESS sPECTRum
NO. OF PlOCKr N PE:(.TFI FTED FOR ANAl.. YS IS 1 00

WToAt NO). OF CYCLE S IN ONE' 111 00' 2000.'0
1 C3TAL NO. Of"FLI.GHTS IN ON~. LY 1.CM 0'K
NWT O1F PLOCKY" IN ONE DESIGN LI1' .[TI ME 2r ff

NOl. OF' FL IGHT IIOLJR9 TN ONE DESIGflN 1. IFEITtME el0 0
MAXTIMUM r'EAK STRE'.S' OF THF. SFEI-TI-AlM 17 ,(.V

NO. OF SITRESS LAYERS IN ONE 1BLOCK

STRESS.' I.AYERS'. TN (lNE' Plt.C
S T FE' ST GMA--MAX S1IGMA MIN CYCIY5 .1 !S' I I" "(ThA *MAX '< Si Gi MI N (7' V

1 1 7.000 1.700 1000.'''1, 20 0 .O' 70010' 0.
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TABLE 3.1.2-2. EXAMPLE It METHOD 2, RUN 1 OUTPUT FILE (CON'T.)

D A M A G E 6 R 0 W T H H I S 1 (3 R Y

.1OCK Ci C2 KMAX. CI KMIA . C2 DCI /)1 DC2./I)F TNITIAi IN[H IA?
Ai A2 IKMA" AI KMA'ý -A2 )Ali /I1)F, DA?/0i I VNI I., -t ,

0.0 0. o0 00 0.00. O0 9.-54 0 (',0 . 00[+00 .0 1) V," '"'0'I 02 3'71:
o . 0500o 0 .00000 I 1.1t48 0. "no0 .co.*'.000f I%"'" .'641. .01 '3 01'

1.0 0.-0'630 0.0O00oO 9. SlAO 0 'o00 r.7 - (,4 . 0Io400 . *o V." 02 6-,F.
0.06240 0.000o0o 1 . R :' 0 0 . 000 .1,31E-0. .- 00 +-0w. 66-) 16 0F -. 0

2.0 0.06449 0.00000 `10. "79 (0• Q0 . 6 .?E-I'4 . ' nO 0 i 'AI F - f)•- J,'f 02
0.07650 0.00000 1 2.- 0 0.000 11 i:3E. .. 0. -ou ' O o € r: 0 .1501" 401

3.0 0.0"7461- 0.00000 ) 11.'49 0 W')0) 9'OF--04 ., 40, ' (I iSISI. 0i 11. 0 1
0.0'?260 0.0000i 12. 7'1 0.1 00 A 14E:-.-03 -'001 #ol.00 270Eu 4.1 '501F '01

4.0 0.08h7'. 0. 0000 r i1 . '.02 0.()0 O 10 ',.+.03 ;001f",00 .4fl[- I 6 01
0.11082 0.00000 13. 19Q 0 .'00 0 151 F. --03 , 00dO0F4 1)) 41F: 0 1F

5.0 0. 11 ..q.)23 0. 00000 1 2.' •:70 0.000 1 24F-03 .000 .00 ) jT. 'H 2014 0 1
o.•3103 0.00000 13.606 0.000 .lfqW-0 3 H'00. -0" '10. 7 1 , S0L.0t

6.0 0.1 1 9 7 o.- 00000 1 3.282 0 000 1 4917-• .000300 . XI84F -ji , ..243- 01
0.153-43 0.00000 `13.987 0,000 i8/F 0- . .*101f' 4 )00 ., '12 El t ,l 7 ;.. F ) 1

7. 0 0. 1 ,V?,49 0. 00000 1 3. 429 0 000 .. -." .F.-034.00 1 ' 00 141F•: t "il .0 i
0.17540 0.00000 1 3. 725 0.00 1(1 -0 .8E0 1W-400 ,) ' 76E÷0i 2.25o 4.01

STAIl.F FIRE AK-THROUGH OF CRACK NO. I OCCUR. AT :
CYC. 135.0, STE F' 2, W.OCIR = 8, CPACK DEPTH = 0.1 8130K

CRACK I)FPTH I ST EQIUIJAL TO PLATE IHICKNESS 1.1880 INCHES

8.0 0. 16290 0.00000 14.511 0.A000 .95 f- 0 00. #nO 5 'o ,siw:-7o- , 17 1
0. 1 8800 0. 00000 0.000 0. 60001"400 .".2F 40 ( 0(i 'F 0 1

9.0 0. 1904 1 0.00000 14.8052 n.-0(0 229E.-03 . O00E -00 .59 7il--1 .'-0i 1O
0.180so0 0.00000 0.000 0.000 .00017 10-1 .00-o0 0 .no "-.+00 :ir 401

10.0 0.22022 0.00000 `15.227 0.000 .240 E.-0 . ., -00110 .n 0-1, -01 .3921 ' 1
0 -18800 0.00000 0.000 0.000 .00011400 .',-0(1- .4 ?rr+01 50i '01

1i. 0 0.25265 0,00000 15.637 0.000 .270E-03 . 0001V .00 .707- 01 ,1 '.'"N. ".N

0. 1800 0 0.00000 0. 000 0. 000 . O00F, '-00 .0001 +00 r .flt+O 1 .o '"OC 0 1
12. .0 0.28902 0. 0o000 I i,. o0f 0.6 Q''0 . 2961, 053 . '5001.. '00 . 'T"IoT .- j - 4.'.,I* 'H

0. 1 !:300 0.000o0 0.9000 0. ('0 000! * 00 '),flI '0, .0, .¶ "*Oj ''0, 0
12.0 0.3.1744 0.00000 1A. :4 0110 .31,),2 .30(2 700 .11 9 '-.40" too 54

#
0. 1 P;100 0.0 "0 C' 00 0. 0'" .0').) 0" (:1j * .A. 00A4€.'1 ." ,1 -"

1 4.0 0.3 .097 0. 00000 1 7. 1 '"i 0.000 .36i- 03 . ;OOO ,0, . 1 .'. '00 W '.4 oI 01
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TABLE 3.1.2-2. EXAMPLE 1, METHOD 2, RUN 1 OUTPUT FILE (CONCLUDED)

0.18800 0.00000 0.0,1O 0.000 .000E+O0 .O0E400 .726E*4"0i .2r0E. 40
15.0 0.41962 0.00000 17. ;3 0.000 . 405E 03 00EL 400 1 S " "0 .!4K

0.18800 0.00000 0. ("01 0 0.000 OOOEE+00 000f'+00 F4-Oi .•Or:'m:

16.0 0.47447 0.00000 18.4.0. 0.000 .45'E-..03 00 [E+40 -0'i: + F+*,0+ AS (1

0. 1 8800 0.00000 0.0 '.1 0.000 .000.E+00 0("," 4" 0 (1" 40 1 2, ,",f-.
17.0 0.53670 0.00000 19. ,3 0.000 .51 9E-03 0001:4-00 1 B 'E+00 ;L -0

0. 19800 0.00000 0.0k.0 0. 000 .00E+00 O000[> *00 . -0 *1i ') ÷r,.'4
10.0 0.608i2 0.00000 19. 9.6 0.000 .595E.03 0001 *00 "I 00 /,ij I

0. 1 8800 0. 00000 0. (0-,) 0.000 .O0E[+,0 0000.00 sDo'. [0 .310E 4 0 OF
19. 0 0.69090 0.00000 20.920 0.000 .6'0F...03 0O00E 00 .24"'E.+00 . 0241. (1

0.1 1 880 0.0-0000 0.('00 0.000 000EE4.00 0001E 4 00 .j 4+ 01 " 1:' 4 , i

.0 0. 780 10 0. 00000 22.009 0.000 .8 1 OE 03 000E.00 294f 0-00 . 76: 01
0. 1 8800 0. 0000 A . 0.00 0. 00 . 000F.+00 000F+00 . #.fi[ 20 fl[ I.,)

21 .0 0.90453 0.00000 23. .A 1 3 0.000 .970E-03 000F. f( '0 . 0 '350E+(0 . (30[l> -- I
0. ::14800 0. ('0000 0.000 0. 000 . O00E+00 (1001" 100 .4 1 A• 01 .i :OF. *i

22. 0 1 .04848 0.00000 25.039. 0.000 . 20E:..-02 • ,.100'r.- +00 .424EA+00 . UAO, ) .
0. 1 B800 0.00000 0. e-00 0.000 .000E+0.O 000F) 100 .436(E•0 .1 0 r+(; 1

CRACK NO. i HAS REACHED THE SPECIF[ED LENGTH I 3900 INCHES AT
CYC = 62.15.0, YSTEP = i- . .('i..OCK = 24, CIMAKS,. 63.424, Ci: i .39096

TE FM'I JA'TE DAMAGE COMPJUTAT ION
23.0 1 .':.'4675 0. 00000 29. 1 67 0.000 . I .E" .. ) .0012. 'O .2 'E+00 .-[T() 01

0. 1•(100( 0. 00000 0.000 ,(4. 0,0 .00().00 Y01(1'00 164: + ? i .21 'F 41• l

(':ALK . [N(ETFI AT TH.E RM [N NATiON OIF' CRACK. IT Al [ON CEfMPLI TATI O
Cli = 1.39096, Al ::0 1,i 1000, C2 " ' ,006;'0, A. , .00 .

PETARDi TON F'APtAMFTE'1 EF". AT THE I . RMTNATION (IF *rpof.A4 GROWTH C')MPFUTATION
AT"A(I.. i 0. +10 00, APCOl i 000 .4-00, RYAMI. I .. .) 400 Y0. fley . r0L i.,

AK(I , 1 0. 0' ' ) f00, C K (I1 1 . i. . (O2E ( 00, A lt. 1 .OfIF''( F' 'l I .< ,
• '(.IT " .Al t uO(f *+ ÷0'. APU'l ''• .. n...hli * 00, RYAfI ./2 = 0 .4;)•1: 40(*'• , r.Y~tl'rl. . .,,, fl,I, ,

A1(01 .00(101 01n ('1(011- ¼ 04+0, '41.2 00 10 1..... .A VOI. L.' 0 (:O E .) ( .: (.,KoI.....' .)I i}."[• (O , I.','•

R-E 10120D7TION TAT Ft, i ll IT '/ o~l Till I [ MJ•N•,fIJIN lO F ,(I;'!,. I HO] T' F 16118 I'4IMI4'1T1 I ; , I
l)M(• 4,11,: r* ¼ rf. ( *' , 0 AThI1 " 'l.+;• •: '1 0, 1 I:ri:I. l 1',0 1 . (2,,,

DM -S`7 I .' -6 1 )i M : ''' ,'F '''I 0"' I.. D F 1 6 ..
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TABLE 3.1.2-3. EXAMPLE 1, METHOD 2, RUN 2 INPUT FILE

EXAMPLE RUN NO. I SPECIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING SPECTRUM
20244--3 SHEET
2.2374E-09 0.70 3.3386 6.2126E-9 0.00 2.9783

116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 --. 366 0.892 10700.0 0.022 1.000 1.0 1.0
0.000 0.000 0.000 0.000 .0000 0.000 0.000 0.000

0.OOOOE+000.OOOOE+000.OOOOE+000.0000E+000.OOOOF+000.OOOOE+000.0000E+000.OOOOE+00
O.OOOOE+O00.OOOOE+000.0000EE4000.0000E+000.O0OOE+000.OOOOE+000.OOOOE+000.OOOOE+00
0. 5250E +000.OOOOE+000. OOOE+000 . O770E-01 0. 0000E+000 . 00E+00

0.186 0.1250 8.18 9.82 0.00000 .00000 99.900 50. 1.00
0.0000 0.1250 0.00 1.64 0.00000 .00000 0.00000 .00000
0.000 0.0000
0 00 0 2 0 100 0000 1040

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 25.0 6000. 1

TABLE 3.1.2-4. EXAMPLE 1, METHOD 2, RUN 2 OUTPUT FILE

DETIAT.EI) D.HA(MA[ GROWTII ANALYoTS F'FtOQGRAM D A M G' R 0 *•**

EXAMNLE RUN NO. I SFECIMEN SUBJE(TED TO CONSTANT AMPLITUDE LOADING SPECTRUM

THIS ANAI.YSIS STARTS AT THE B'EGINNING OF THE STRESS S'ECiRiUM W.

NO. OF SITE S TO DFE ANALYE.'): CPACK GROWTH O; CRACK I.NIiAIlATJON . 2
.OFR.'FO•"ZNODING AMAGE (UIIF:. CR'AC'K GROWTH 0 0, CRAC r NTYiATT(oN 1 .040

LOAD INTERACTION NONE

MA TFEP TAI. 2024-- T3 YI-IrI-V T
WALKER EQ. CONSN (T 1) .C .224E.-O, M =0.700, N L.33'
WAof KR EQ. C(IN'T. C 1 ,'.61F-OR, CM 7O. 000. N - '..

MAX. K< FOR )iI/O)N THRT T ) H 2.000
RE'TAR, ATION rHIIT--OFF" rFATO m 7,300
+R CI.JT-. OrFF - = -0.990O , -R iCUT 111"C :=- " .9* 0.
Y (Fl'.1) .1RENG7 53.I A00
El. I TA. IT MI)II I T1 (" IS I A i * 'W[ 0
PI.. STR1I*SS FI:, IPP " T I •I INIe.. I .00
1:1- SI'A[N FRACTI'. I !.!(;HNI4:N.S',::- : 16.00

DAMAGE JNDFX TOR f.T'AC'K .NT TATlN Fl?(.N
NE.UDE F: MATE`RIAL (CO0N,7T. :- 0,022
CRACK TNrTTATTON I0. CONS.' , F 10.426. M .366
.'•TRF. SSEVERITY FACTOF' I'ARI:1F-TFlI::S

AI FHA - i.0000, KTErA .00(,, GAMMA .- 0 i,0o0(

SFFll. 1F1TED DAMA(IF *CONYFIrTONS •
(Ni I TAI •FACK L(T1 NrI OF CRACK NWI. I 0 .(.00000

FITNAL CRACK L.FNGI;T OF' CRAI`K NO. 1 0. 0 (;,,A-)0
TNi -TIAI... FFRACK I ErIll rOF CRAC, NO. 1 0 06A.10
FITNAL CRACK U'pTTII FI:- CRAr:l( NO. 1 0

F ITTIAl.. CRACK LENI. I H OiF: F'RACK NO. 2 0.r(o0('0
F I NAL CRACK L..NENG T H F CFRACI NO. 2 O
I P [ Al. II RACI( DEE ItI (IF I F'RALK 00C. 2 0OW-.
f I NAL CRACK 1WF" 1I 01:' CRACK NI) - :2 . .. ,

F ,<AME: T[ KR FPFOM fRF.VT [1 5 ETAFI' I.!FilIýl IH H I Of

A IA L I- . 1'4'- .'' AFIOl.. i, I-,' l' . , *)(-.)-'Y CI-lA f) 1) 1, 1
AKOI (1O.T 1 F '0 1 A ' .:: .1 (),'0f 40 0. 61 1 ) '' * (0!

.000E-,,1OT 0, AT (11 0 1 *0(), )I'f ' 10 . b F I
AK I 2l : ,,)(1, (1,. Ci<;rl ) 0(01. * 00 6 ,l ' ,, l ,', (C)I ? . o' , 'v

r'ARAMF FIf F P'DIM I vT (Vl i' Ii.- c FrI iiw' I TI r AT i I.) ! llil;',
IDM , I " > ..0 , 10'1(.I I I ?'.r "'I,, pI I iTo,! 'I 0 ,

ll/l• .? :: . l 'I II ,) . IM iflIl • ,, ',il 0. 0') 1,!!l El,( . 1 ' ',
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TABLE 3.1.2-4. EXAMPLE 1. METHOD 2. RUN 2 OUTPUT FILE (CON'T.)

rOMPIJNENiT GEOMETRY
I10 CVNESY OF PL.CIrI 0.1On'
RADTI.US OF M V ID. .F 14)1 12 2i C. 0.
RATIO OF: rLATE- Il MI NG To MCin F DIAIMETER, LID 9 9 0 9 ¾l
I) DISTANCE RF I wIJEEN MID. timL F Arli) R. -.H. s. FIcED, 9.I '
DISTANCF PF I WFF N MI D. 1-101 F AND) - H4.S. [OGE' fl. 1 '0flr)1
FRPACTIOICN OF I.OI il' 1RANSPFE. BtY i-I D. ViOL T 0 , 0), ' . 0 00(1'"
RADIUS OF TEtc R. H. S. HOLF' : .1.1i-
DI ST A N CF BE 1. 1FF N MT1V. AND R .H-. HOLES i . 640,'
FRACTION OF IJIAD TRANSFFER BlY I:H. S. BO0LT 0. 000. 0.00
RADIUS Or JOEIt I 05ý. 1101.i ( ) 'i.- )l ()*
DIS'.TANCV PFAr1W[EN MTID. AND L .11.. 110LFFS 0 0,1(,e
FRACT I(i or: ui. 000 IANsE If P Y t.H. I. S. 1401 T 0.) ()n '' ,II, al (. 0000f)
FERCE:N1WAGE' OF cwwiurwII, P51KD H1. R .T VI-IICKNE.SS 20. 0
51 RE SS ("ONCE NTR,', I I (IN DOEI TO rEl N OF rELE1C T I ON I .0W0
f AST!E'Nl R HFAD Or: Il)L.LAF FRICT ION STRESS 0.010
F AY IF N I; SURFACE (221: kIIIION STRESS

NO. Of' BLOCKS SEFF ECIED E-OR ANAL.YSIS.10
TOTAL,~ NO. OJF CYCI CSý IN ONE. SLOtCK 20 'C
TOTAL. NO. or, ri...I~l ITS I N ONE:. BFOCK 1 2 C,
NO. 01 BLOCKSV I N i NE. DS',IGN I I IF. IT ME'2.~0
NO. OFt FL.- Il GOTHOURS IN ONE I)ES lI GN L.IF"rETIm ME6000) 10
MAXII IN0 FVFAK or ri*FSk OE ~ TH S I TRUM1
NO. OF STF.FSS l.AYE..RS IN ONE. (A 0CK
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TABLE 3.1.2-4. EXAMPLE 1, METHOD 2, RUN 2 OUTPUT FILE (CONCLUDED)

'TPI: S2 Y A YE II T N 1:1N E. . 0 ('V
.1111.: 51 oMA -MfOX 2 00 MIN CY( I t:hS STI Ea. P Y O 14A I'fl A I :71os1A -M I j f y F IrUV

1 1 7. 000 . 700 1 000. 006 2 I'0 1 .70 I00 "aW.

BLOCK K~ M? MA X -iC' <lOX --C2 P(I IDE 1)C D F TNII ' I IN TI T Nl1 TA"
VAY AI KN K Al <IAO y2 PA A. I /PI: D) 1)D:: K N 1 1-10

0.0 0.00000 0.60000(0 0.000 0.000 .000E . 4 00 (7)001, 0 0 6 0'1) -400 16 : '10)

0. 00060 0 . 0000 ).00 000 00"' .06(W,0 . 0001 00 4'' "E'f 0 1 ;,'1 )j
- 0000000 0 .00 0.000 0.000 0 OF4 0 .0001 00 . 751 '0 1I I41 0

0.00000 0 .0 00C) 0.000 .000 .00012[.0 f .N 000f1. 100 .. ý 4Ir2 '01 I?*- 'gf 401

CPAI Vý TNYT TI ION IOR I OCOAlTION i 0)'ClI;RS, AT
CYI2 7:jo00'' 00)0. fSTP r.1 * I WO(A. K 3

2.00 00' 0 0000 .00 0 0~ .GOO i 0(01 0 021.00 .V- 1 100
0 .00 00 0 f.)00000 0.0)00 0'.000 000 .V 10 0 C 0 4'201 .1921 401)

('PACK LEINGTH-S AI THE: TE'RMNTHOTW (:FI[or CROCK TWI TOTlI f1Wr MH I TAT IOtN
C11 0 00000, Al':.00, 0 , 000'C O.2 0. 0

14 TARTYi IO(N P Al -ll It 0 2 V 1 Ti~ M10 1, OTJI:T.I:lM~Y N OF' ('RO'CK fJPOUTH IitIptitO T4, ON
A 'A0 0 1. 1 001* 40,0oCl i. dI 00, RYAGII 1 :2 (hL 0 Iý`YrA!.1I I o

AiO.1 ''I *~, R i 2:. 00i rl"W. KIM, I xI(WiF t.' ('f i j . *0

101 .14 2" `) 'i4H~f 004 i, [01 : f n r;y`I'ri'f! 0( *t

'I ) I I( I N Pl~ A I1*.1f 1 M001 *'11 0, 1 :'Jl F I I 1n.. 000 1.4 1') TH N I P I'ý
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TABLE 3.1.2-5. EXAMPLE 1, METHOD 2, RUN 3 INPUT FILE

EXAMPLE RUN NO. 1 SPECIMEN SUP-JECTED TO CONSTANT AMILITUDE LOADING SPECTRUM
20244-3 SHEET
2.2374E-09 0.70 3.3396 6.2`126E-9 0.00 2.9783

116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 -.366 0.892 10700.0 0.022 1.000 1.0 1.0
0.050 8.1180 0.090 0.188 .0000 0.000 0.000 0.000

(0. 00001 000 .0000k +000 .0000E+000 . 000E.000. OOOOE+O00. OOOOE+O00.0000GE+00.GOO.OGE +00
0.00EO0000E+000.0000E+000.OOOOE+000.OOOOE+000.OOEOG.OOOE+000.0000E+000.OOOOE+00
0. 4oOE +000. OOOOE+000 . 000E+000. OOOOE+000. 0000E+000 .000E+00

0.108 0.1250 8.10 9.82 0.00000 .00000 99.900 50. 1.00
0.0000 0.1250 0.00 1.64 0.00000 .00000 0.00000 .00000
0.0(0 0.0000
0 00 1 1 0 100 1030 1050
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 2.5.0 6000. 1

TABLE 3.1.2-6. EXAMPLE 1, METHOD 2, RUN 3 OUTPUT FILE

*** DFlAILED T)AMAG"E G'ROWTHI ANAL YSTS PROGRAM D A M GP0 *M$***

EXAMPLE RUN NO. i SPE'FCIMEN SUBJECTE.:D TO CONSTANT' AMP:LITUIDE: LOADING SPECTRUM

*THIS ANALYSTS7 STARTS ATI THE BE.GINNING or7 WHE STRESS S'PECTRUIMw

NO. OF SITES TO TIE ANAL". .Y2E-:D CPACK GROWTH- = 1 ; CRACK INITIATION
CORRESPUONDING' DAMAGE. CODp ES CRAK ROWTH = 1030; CRACK TNT 1TATTON 0150

LOAT) INTERACTION : NO0N E

MATERTI~l 2024-T3 Hr-1J FT
WALK ER JIG. CONSTI (4 I ) C = 0.. 224E---06, M =0.700, N 2-3339

WAI KRE E:Q. CONST. F.I C : 0.621E"-0B, M (0.00, N -I". 9 7F[3
*MAX. K FOR DC/DN lOT11ýS SHOLD 2.000

RETARDATION SHUT-OFF F ATTO =2.300
4-+R CUT-OFF =0.9900, R C'UT- OFF =- --0 .9900
YI[LD STRENG'TH 53.000
ELA.27TIC MODULUS = i0*I 7O-E+05
PL. S TRES'S F'RACT. T'OLTI-lNF:SS ::: 116.00
PC'I. STRAIN FRACT. TOU1-GHNESS ::: 36.00

*DAMAGE INDEX FOR CV!ACK INITIAl TOPN -0.9192

NEIJOER MATER IAL. COTJST. ~: '- 0.C' 9
CRACK 1011 ATT JON rII. Q, NT. 7 1 0.426 , M r---.3,)6
STRES'ýS S'EVERrCTY FAT::TOFR PAR'AMIT ERS

ALPHA ::ý 1.0000, PETA = 1i.0000. GAMMA I 00<00

*SPECTFI FOD DAMAGE' CONPITIONS
T1N. I TIAL. C RA CK I [ N (,IT " Fl c r,. CRAC c C .ý t4 0. 0'ýOOO

FINAL CR1ACI< LEN(TI.H or: CRACK< NO . 1 9. 1$:1l000
04 N1 TIAL. CRAFK F TH OF T)AC NO. i: 'r,,)(

f: I (JAL CRAC K DEF.TH OF: C:RAI 1< NC). I i WT)'0
1I' NI TI Al. CR'ACK L f Nr, ri-I OF' C'RACI, NCO, 7 C

F INAL. (PACK EI ' III7F OF CRACTK Of),
11 F Vi~l. IF Al F;') TIC PTI-H III: (IF 411< Nil. 0 h. ý
F: F NAL. TF'RAlK DCIPTIII 01E T RAT I NTI e).0 o,00

FYI AME tEP,, Fl~f111 I F.. A TIII. I CW, I' (Je,14U i FIT. (TRY
ArAOL. I OGOI.A+0'), APr0T.1 1 1001 FQ I AI. 2.0O '4.P ll' ~0

AKOI- 1 ?001F+ (40, F'Vl' I 0- )0l1- 0(), AO0 )- I (:'Aw- e' . TOCl . -or-

AFAUL 2 OL .00L e, ATi 00)01.:4?10, GYAOL. A 2 GOOF: 4 0' RY ITI?: 01(
AR~ VGO1? 0 0F. le0 I'1I1I '? 00 4 00, A01-1 2: .,0''F. F( l.

MIm( T 46 [ 4-00 , T1 i, I ('1 2 001: ''0 fFII~T; 1.)" -(V00 ,'~

VOGT; Or 104#' 'Ti2 -")F 0 '..;, 0 00- n
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TABLE 3.1.2-16. EXAMPLE 1, METHOD 2, RUN 3 OUTPUT FILE (CON'T.)

.4 ~~~~~~RADITUS OF WITp. 1-10ri147NI~~O PAT
RATI (IFio P1LATE: LENGTH TO HlTDIAMETER, E /p 99. lQ?

DISTANCE- PF'TWEE:N MI:D. HOL F N) 1. H. S. ED)GE 9 82 00,'
FRACTION Or I OAD TP;r-NSFFR VY MID. TOLT 0 0 .0.1 0.'600
PAl) i os OF THE PJ. H. W IFEI r 0, 0006,"1
D FSTANCT . BF TWEF:N Mill. AND P II. S HOLES .0. 0000-1
FRAC TiIuN OF" LOAD TPN WI: ' R. HS. P4OUT 0. 000600 0.00001,
RAP [us OF V HE L..H. S. HOL.E: 0. 1 23
DISTANIF BL:TIEF:N MID). AND L.H.S. HOLE.S *A40
FRACT TON Or (Vo~i I RAN'Srr 1, RB I B01 .5 7l00~' 0. 00000
PEPEE.'Nl AG'E OF CliION Ff R SI NK PEP . TH 14,P.1TH [i ES '(

S pRVs C(IJI2FNTPA IT1ON P1iF T Fr N EF] CLEFT ON i . (00
rF7ASTE:NFF: HE:AD 0:)I'; COLI ArR' 1"F.[TON STREW 7 0 . 0 00
FAYINC, 1UFCEilIT3 jhr 000

STRESS'S RPFPj

Nil.~ ~ ~ ~ T O. DiOK rFII FOR ANAI.YSIS 0
101 AL NO. OF' FY11 [9 TSN ONI- Pt.I ' lK 2000. C-0
TOTAL NO. OF" Fl. TI HI." IN ONE: Y3J.1W`V : 1 20. IV-)
Nfi. OF` 1`11.0f J 11101-1- P1 ]:rN T. T IM F7

NO . OF' FL.7 TI G1l1 11(1)1. IR '' IN ONE.- DF)ES', I GN LI FFVI ML. 6000). 000
M A y' , m I IN PEmI F' F' orKRf.1 THlE. IFFtIM
NO. 01' S*TI:SESS. L-AWT,' I.N ONE- 01.0CT 2
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TABLE 3.1.2-6. EXAMPLE 1, METHOD 2, RUN 3 OUTPUT FILE (CONCLUDED)

STRE'SS L AYER'S IN ONE: Fit. OCK
STEPr SIGMA MAX SII.MA* MIN C Y CLES: STEP SIGMA MAX SIGMA- MTN (7YCLECS

I I7. 000 1.70 1000. 0 002 1 7,000 1 .700 1 000. 000

De** DAM A GE G ROW T H H IS TO0R Y *nv

BLOCK CI C2 KMAX--CI KMAX-C2 D~l/OF D)C2 /DPF INITIAl INITIAl

Al 4 2 KMAX--Ai KMAX-A2' DAI/DF 1)42/OF KNi KN2

4$ .0 0.30320 0.00000 19.999 (.000o .24 02o~o ()).000-.4  .5?46F#00 .000F+09

0.105000 0.00000 24 .000 0,0(00 .11 0-0D20 00'VIK+00 .47 #-101 .QO+00

___ CACK INITIAK-TIONLG FOR LCRATIONO i OCICURS AT
C- (WE =100.00, 211 I, PLiOCR - 3l CAKDPT ý95

2.0 0.33141 0.00000 34.1067 0.000 .9234E 02 .0001400Of .744OE 4-00 .000W1..00
018000 0.00000 01.000 0.1000 .00 I 0 .00 5F00 .-- ¶7 .0 .400

ERA' K LTNI.T'I'IS AT THE. TERMINATION OF CRACK 'INITIATION COMPULTATION
C Cl w- 1.364'5"1, Al = 0.108000, C2 = 0.00000, A2-' 0.00000

RET'iARDTioN P'ARAMETE'FRS' ArT THE. 11PM LNATION (If CRACK GROWTH COMPUTATION
41401. I = . GOOF' +.00 , (rorern F"' #0 '4iL 0100, RYCOL (3 .00e)"0(%0

44~~~~~: ,R ,L 01.0 O 0 601-1 0 1 00,0 VOL.- 1 oe0r-;ooO
APAOL-2 =. .00OF+00. APCOI-' 0 2 ~ RYrull..2 Ooor,#n0 R.YCOL? . oc-r 'on

A AR OL2 .000E .. 00, COK L. A( I... "I0 :(1. 0ý 400 CR2 ()o, 0

RETAR:DATION PARAME. TEE,', 4l T HI 'If -M INA TI ON (IF1 CR R llT iA I JON C('1MVII TAllT
UMG 1 .:390r' 00 , 0M101 1 41'00 D)EL 0(1: $ 0'''
0MG2 .0001,00, DM1 I L '1* PETl DG2 ()00"'1 00

V6



TABLE 3.1.2-7. EXAMPLE 1, METHOD 2, RUN 4 INPUT FILE

EXAMPLE RUN NO. I SPECIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING SPECTRUM
.'024---T3 SHLET
2.2314L- -O9 0.70 3.3386 6. 2126E-9 0.00 2.9783

lie.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 -. 366 0.892 10700.0 0.022 1.000 1.0 1.0
1.364 0.180 O.1088 0.18d .0500 8.180 0.050 0.188

0. 0000 .000. O0000E4000. 0000E+000. O000E+000 . O000E+000. OOOE+000. O000E+000. 0000E+00
0.0000 *000.000E .000. 0000£[ 000. O000E .000.• OO00E+OOu.00oUE000.OOOOE+O00.0O000E+00
O.O000E 000.O000E+O00.0000E,4000.O0000E+0..OOOOE,000.0000E+00

O.IH8 0.1250 8.18 9.82 0.00000 .00000 99.900 50. 1.00
0.0000 0.1250 0.00 1.64 0.00000 .00000 0.00000 .00000
0.0.'10 0.0000
0 00 2 0 0 100 1050 0000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Sl"o0. ) . 0 6000. 1

TABLE 3.1.2-8. EXAMPLE 1, METHOD 2, RUN 4 OUTPUT FILE

w**** DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 *****

EXAMPLE RUN NO. i SPECIMEN SUBJECTED TO CONSTANT AMPLITUDE LOADING SPECTRUM

* THIS ANALYSIS STARTS AT THE BEGINNING OF THE STRESS SPECTRUM *

NO. OF SITES TO BE ANALYZED CRACK GROWTH = 2; CRACK INITIATION = 0
CORRESPONDING DAMAGE CODES CRACK GROWTH = 1050; CRACK INITIATION = 0

LOAD INTERACTION NONE

MATERIAL. : 2024-T3 SHEET
WALKER EQ. CONST. (4R) = C = 0.224E-08, M =0.700, N =3.339
WALKER EQ. CONST. (-R) C = 0.,.21E-08, M =0.000, N =2.978
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-OFF RATIO '= 2.300
"4R CUT-OFF = 0.9900, -R CUT--OFF = -0.9900
YIELD STRENGTH 53.000
ELASTIC MODULUS = O.i070E405
PL. STRESS FRACT. TOIIGHNE.SS = 116.00
PL. STRAIN FRACT. TOU(GHNESS = 36.00
DAMAGE INDEX FOR CRAI K INIIIATI(ON = 0.892
NEUBER MATERIAL CONSI. = 0.022
CRACK INITIATION EQ. CON,'. : SF = 10.426, M =-.366
STRESS SEVERITY FACTOR PARAMETERS

ALPHA = i .0000, BE TA 1 ..0000, GAMMA = i .0000

SPECTFTED DAMAGE CONDITIONS
INTTIAL CRACK L..NGTH OF CRACK NO. 1 I .36400
FINAL CRACK L.ENGIH OF CRACK NO. I 8.18000
INITIAL CRACK DEPTH OF Crr'ACK NO. 1 0.,18800
FTNAL.. CRACK DEPTH OF CRACK NO. i : 0. 88BrI00
INITIAL CRACK LENGTH OF C RACK NO. 2 0.05000
FINAL CRACK LENGTH OF' CRACK NO. 2 08.18000
INITIAL. CRACK DEPTH OF CRACK NO. 2 0.05000
FINAL CRACK DEPTH OF CRACK NO. 0,16800
PARAMETERS FROM F'Rf VIiu. CRACK I.ROWTH HISTORY .

APAOLI = .000Eo.00, Ar'COL= .000rE400, RYAOLi .O00F..0. RYCOLI = .O00F 400
AKfL I " . ooo0+oo, (. .1)j i .00v)F+ 00, AOL. i ' 1.O 00 ("(l - .00(0' 00

APAOL.2 = .O000OF00, AFCOL2 = .O00E+00, RYAOL.2 - .O001O0f, RY((iL2 = .0001 f00
AKnL2 = . 000rF.O0, CK1L-2 .O0E#00, A111.2 .000'+00, CI.L2 :- .O00F+00

F'AF'AMEF TERS FROM PRFVIOLIS CFPACK INfITATION HI.STORY
DMGi 0.0- .' O O0 , DM YfI0 - --. 00,4•O , +O , PF I D ; ,1 .0 0 F" 40 ,'

DMG2 , ooor ) 'o' , hMio,.:l = 00oI . 00, D1rI D).,, .,00F *; ,,
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TABLE 3.1.2-8. EXAMPLE 1, METHOD 2, RUN 4 OUTPUT FILE (CON'T.)

COMPONENT GEOMETRY
THICKNESS OF' PLATE 0.18800
RADIUS OF MID. HOLE 0.12500
RATIO OF PLATE LENGTH TO HOLE DIAMETER, E/D 99.89999
DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE 8.18000
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE 9.82000
FRACTION OF LOAD TRANSFER BY MID. BOLT 0.00000, 0.00000
RADIUS OF THE R.H.S. HOLE: 0.00000
DISTANCE BETWEEN MTD. AND R.H.S. HOLES 0.00000
FRACTION OF LOAD TRANSFER BY R.H.S. BOLT 0.00000, 0.00000
RADIUS OF THE L.H.S. HOLE : 0.1200
DISTANCE BETWEEN MID. AND L.H.S. HOL.ES 1.64000
FRACTION OF LOAD TRANSFER BY L.H.S. BOLT 0.00000, 0.00000
PERCENTAGE OF COUNTERSINK DEPTH W.R.T THICKNESS 20.0
STRESS CONCENTRATION DUE TO PIN DEFLECTION 1.00
FASTENER HEAD OR COLLAR FRICTION STRES.1)S: 0.0000
FAYING SURFACE FRICTION STRESS 0.0000

STRESS SPECTRUM
NO. OF BILOCKS SPECIFIED FOR ANALYSIS i00
TOTAL NO. OF CYCLES IN ONE BLOCK 2000.000
TOTAL NO. OF FLIGHTS IN ONE BLOCK i0O.000
NO. OF BLOCKS IN ONE DESIGN LIFETIME 25.000
NO. OF FLIG:HT HOURS IN ONE DESIGN LIFETIME 6000.000
MAYIMUM PEAK STRESS OF THE SPECTRUM 17.000
NO. OF STRESS LAYERS IN ONE BLOCK 2
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TABLE 3.1.2-8. EXAMPLE 1, METHOD 2, RUN 4 OUTPUT FILE (CONCLUDED)

STRESS LAYERS IN ONE BLOCK
STEP SIGMA-MAX SIGMA-MIN CYCLES STEP SIGMA--MAX SIGMA-MIN CYCL.ES

1 17.000 1.700 ¶000.000 2 17.000 1.700 1000.00)

UNSTABLE BREAK-THROUGH OF CRACK NO. 2 OCCURS AT :
CYC = 0.0, STEP = i, BLOCK = 1, DEPTH = 0.05000, AKMAXS= 37.79

e******* D A M A G E G R 0 W T H H I S T 0 R Y *******

BLOCK Cl C2 KMAX-CI KMAX-C2 DCI/DF DC2/DF INITIAl INITIA2
Al A2 KMAX--AI KMAX-A2 DAI /DF DA2/DF KNi KN2

0.0 1.36400 0.05000 41.432 30.f54. OOOE+00 .O00E+00 .O00E+00 .O00O+00
0.16800 0.05000 0.000 37.792 .OOOE+00 .O00E+00 .OOOE+00 .O00E+00

1.0 2.61890 1.23327 56.095 56.847 .105E-0 .986E-02 .000E+00 .00,+00
0.1s800 O.18O00 0.000 0.000 .00E+00 .ii5E-02 .OOOE+00 .O00E+00

UNSTABLE GROWTH OF CRACK NO. I OCCURS AT:
CYC = 15.0, STEP = 2, BLOCK = 2, CRACK LENGTH = 4.57208, CKMAXS=116.06

THE OTHER CRACK LENGTH = 3.1695"?
TERMINATE DAMAGE COMPUTATION

UNSTABLE GROWTH OF CRACK NO. 2 OCCURS AT:
CYC = 4.0, STEP = 2, BLOCK = 2, CRACK LENGTH = 3.25368, CKMAXS=117.03

THE OTHER CRACK LENGTH = 4.57208
TERMINATE DAMAGE COMPUTATION

RETARDTION PARAMETERS AT THE TErl:MINATION OF CRACK GROWTH COMPLITAI•ON
APAOLI = .000F+00, APC(O)I. = ."OOE400, RYAOLI .O00E+00, RYCOLI .OOOrE+o0

AKOLi = .00OE+00, CKOLI = .000E+O0, AOlI 1= .O000+00, COLI .000t.4+O'0
APAOL2 = .O00E+00, APCL.2 = .l)OOE+00, RYAOL2 .O00E+00, RYCOL2 .0001+0o

AKOL2 = .O00E+00, CKOL2 = .000E1-00, AOL2 = .OO0E'00, COL2 = .000L#00
RETARDATION PARAMETERS AT THE IFRMINATION CIf CRACK (Ni I TATION COMPUTATION

DMGi = .00EO400, DMGOLI -=.O00E'00, DEIDGi =.000E.4011
DMG2 : .O00E40O0, DHGOI2..0'l .lOE+00, DFLDG2 =.0001.-I-0O
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EXAMPLE 2: SKIN SECTION SUBJECTED TO RANDOMIZED LOADING SPECTRUM
DIA

/' \ CSK HOLE

GEOMEIRY:

SI '--INIITIAL .

FLAW I

8.180 1.640 8.180-

MATERIAL:

2024-T3 SHEET

LOADING SPECTRUM:

RANDOMIZED BLOCK LOADING

47max = 35.75 KSI

REF. PAGES 67 THROUGH 90

6
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TABLE 3.2.1. EXAMPLE 2, METHOD 1 SUMMARY TABLE

REF. PAGES 68 THROUGH 76

-INITIAL

FLAW

a2 ./a1 I /a11G3

a 1 a 2 a 3 LIFE (BLOCK, ROUTINE RUN
(IN) (IN) (IN) LAYER, CYCLES) GROWTH NO.

.050 0 .005 0 K1010 1

.065 0 .005 1, 0, 0 KOlO 1

.091 0 .005 2, 0, 0 K1OlO 1

.126 0 .005 3, 0, 0 KIOlO 1

.164 0 .005 4, 0, 0 K1010 1

.208 0 .005 5, 0, 0 K1010 1

.258 0 .005 6, 0, 0 K1010 1

.316 0 .005 7, 0, 0 K1010 1

.384 0 .005 8, 0, 0 K1010 1

.466 0 .005 9, 0, 0 KIOO 1

.566 0 .005 10, 0, 0 K1010 1

.693 0 .005 11, 0, 0 K1010 1

.859 0 .005 12, 0, 0 KIOO 1
1.094 0 .005 13, 0, 0 KIOlO 1
1.39 0 .023 13,119,32 K1OlO 1

0 .622 14, 0 ,32 K1030 2
0 2.16 15, 0 .32 K1030 2
0 3.6507 15, 98,38 K1030 2

NO. OF CYCLES TO FAILURE 111,955 CYCLES
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TABLE 3.2.1-1. EXAMPLE 2, METHOD 1, RUN 1 INPUT FILE

SxAMPLE RUN N(I. 2 .FECIMEN SUEIE(CTED TO RANDOMIZED LOADING SPECTRUM
2024- T3 SHEET
2. 3 4E-09 0. 0 3.3386 6.2126E-9 0.00 2.9783

l16.00 36.0 5..0 2.0 2.3 0.99 -0.99
10.426 -. 366 0.887 10700.0 0.022 1.000 1.0 1.0
0.050 1.390 0.050 0.1O8 .0000 0.000 0.000 0.000

0.0000L0'0OO.0000E+0Vu.000E•4000. 000Eit000.0000E4000.0000E*000.000LE+000.0000E+O0
0.0000E 4000.000E+000. O000E.+000.()OOJE+000.300E+000.OOOE+000.000E+O000.OOOOE+00
O.OOOE*000.0000E+000.OOOOE+000.OOOO.+000.OOOOE+000.OOOOE*00

0.186 0.1250 Y9.82 8.18 0.00000 .00000 99.900 50. 1.00
0.'1250 0.0000 1.64 0.00 0.00000 .00000 0.00000 .00000
0.000 0.0000
0 00 1 0 1 100 1010 0000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 25.0 6000. 1

TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE

.w*** DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 ***

EXAMPLE RUN NO. 2 SPECIMEN SUBJECTED TO RANDOMIZED LOADING SPECTRUM

* THIS ANALYSIS STARTS AT THE BEGINNING OF THE STRESS SPECTRUM *

NO. OF SITES TO BE ANALYZED CRACK GROWTH = I CRACK INITIATION = 0
CORRESPONDING DAMAGE CODES CRACK GROWTH = iOiO CRACK INITIATION = 0

LOAD INTERACTION : GENERALIZED WILLENBORG ET AL--CHANG MODEL

MATERIAL : 2024--T3 SHEET
WALKER EQ. CONST. (+R) C = 0.224E-08, M =0.700, N =3.339
WALKER EQ. CONST. (--R) C = 0,621E-08, M =0.000, N =2.978
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-OFF RATIO = 2.300
÷R CUT--OFF = 0.9900, -R CUT-OFF = -0.9900
YIELD STRENGTH 53.000
ELASTIC MODULUS = O.i070E+05
F'I... STRESS FRACT. TOUGHNESS = 116.00
PL. STRAIN FRACT. TOUGHNESS = 36.00
DAMAGE INDEX FOR CRACK INITIATION x 0.887
NEUBER MATERIAL CONST. = 0.022
CRACK INITIATION EGQ. CONST. : SF 10.426, M n---.366
STRESS SEVERITY FACTOR PARAMETERS

ALPHA - 1.0000, BETA = 1.0000, GAMMA = 1.0000

SPECIFIED DAMAGE CONDITIONS
INITIAL CRACK LENGTH OF CRACK NO. 1 0.05000
FINAL CRACK LENGTH OF CRACK NO. I 1.39000
INITIAl.. CRACK DEPTH OF CRACK NO. I 0.05000
FINAL CRACK DEPTH OF CRACK NO. I : O.88oo00
INITIAL CRACK LENGTH OF CRACK N) . 2 0.00000
FINAL CRACK LENGTH OF CRACK NO. 2 0.00000
INITIAL CRACK DEPTH OF CRACK NO. 2 N0. 00000
FINAL.. CRACK DEPTH OF CRACK NO. 2 : 0.00000
PARAMETERS FROM PREVIOUS CRACK GROWTH HISTORY :

AFAOLI =. 00EI00, AFCOLi = OOOE+00, RYAOL. = .O00EoOr0, RYCOt.I = .000C,00
AKOLI . .0%'0E:+O0, CKOLI "- .0()0E+00, AULI .O0O0E.O', (101-i .000E+O0

Ar'AOL2 = .O00E#00, AFCOI.2 =: .0001-I00, RYAOI.2 = .OOOE+00, RYCOL2 = .O00E'00
AKOI.2 - ,OOOE+00, CKOL2 -- .(0017+00, A01-2 = .O00E.00, COL2 .O.OLO0-

PARAMETERS FROM PREVIOUS CRACK INITIATION HISTORY
DMGi = .. 0011 +00, DMG(.I.. , -. OOOE+00, DEI.1%Gi .OOOE+00
DMG2 = .OOOE+00, DMGOL2 =:.000Ef00, DELUG(2 -. 0001[ 40()
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TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

COMPONENT GEOMETRY
THICKNESS OF PLATE O.i81o0
RADIUS OF MID. HOLE 0.12500
RATIO OF PLATE LENGTH TO HOLE DIAMETER, E/D 99.89999
DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE: 9.1'2000
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE: 8.i8000
FRACTION OF LOAD TRANSFER BY MID. BOLT 0.00000, 0.00000
RADIUS OF TI4E R.H.S. HOLE 0.12500
DISTANCE BETWEEN MID, AND R.H.S. HOLES 1.64000
FRACTION OF LOAD TRANSFER BY R.H.S. BOLT 0.00000, 0.00000
RADIUS OF THE L.H.S. HOLE : 0.00000DISTANCE BETWEEN MID. AND L.H.S. HOLES 0.00000
FRACTION OF LOAD TRANSFER BY L.H.S. BOLT 0.00000, 0.00000
PERCENTAGE OF COUNTERSINK DEPTH W.R.T THICKNESS 50.0
STRESS CONCENTRATION DUE TO PINDEFLECTIONFASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
FAYING SURFACE FRICTION STRESS 0.0000

STRESS SPECTRUM
NO. OF BLOCKS SPE.CIFIED FOR ANALYSIS I00
TOTAL NO. OF CYCLES IN ONE BLOCK 7406.500
TOTAL NO. OF FLIGHTS IN ONE BLOCK 120.000
NO. OF BLOCKS IN ONE DESIGN LIFETIME 25.000
NO. OF FLIGHT HOUIRS IN ONE DESIGN LIFETIME 6000.000
MAXIMUM PEAK STRESS OF THE SPECTRUM :3-5.750
NO. OF STRESS LAYERS IN ONE BLOCK 204
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TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

STRESS LAYERS IN ONE BLOCK
STEP SIGMA-MAX SIGMA-MIN CYCLES STEP SIGMA-MAX SIGMA-MIN CIL1 33.609 -23.52; 1.000 2 35.750 -23.244 4.(,,

3 16.447 -2.462 1.000 4 32.181 -3.217 .,5 35.750 -3.579 1.000 6 23.595 -i.179 1.u,7 27.888 --1 .39Z6 .000 8 30.030 -1.500 1 .0'c9 33.609 -1.676 4.000 10 35.750 -1.790 2.00w.
11 28.602 0.000 4.000 12 29.316 0.000 1.o,',),13 30.030 0.000 3.000 14 32.181 0.001' 12.00-15 33.609 0.000 9.000 16 35.750 0.000 ..17 16.44" 0.817 2.500 18 17.161 0.8-'5:• 2. 00.19 17.875 0.889 5.000 20 18.589 0.931 3.06'-
21 19.313 0.962 1.000 22 20.027 1.004 1.0,23 20.740 1.035 1.000 24 21.454 1.076 6.000
25 22.168 1.107 2.000 26 22.88! 1.14R . i.4
27 23.595 1.179 11.000 28 21,.747 1.283 6.(0.,
29 26.461 1.324 6.000 30 27.175 1.35' - .0 ,31 28.602 1.427 4.000 32 29.316 I.469 3.',33 30.030 1.500 2.000 34 31.467 1.572 1.00c
35 32.181 1 .614 18.000 36 33.609 1 .6,7e.. t 1. 0.77 35. 75'0 1 .790 0. 500 31l .10727 1 .07
39 13.582 1.355 2.000 40 14.306 ¾.42Z .,t'41 21.454 2.141 12.000 42 22.168 2.214 4.00c
43 22.882 2.286 9.000 44 23.595 2.358 21 .000
45 24.309 2.431 4.000 46 25.033 2.50347 25.747 2.576 18.000 48 26.461 2.648 7. o0r,49 27.175 2.721 4.000 50 27.80W' 2.793 1 O'S51 28.602 2.865 24.500 52 29.316 2.928
53 30.030 3.000 32.000 54 31.467 3.145 '55 32.18 3.217 3.000 56 33.609 3.362 1 C.0057 14.306 2.141 1.000 58 16.447 2.462 A0,000
59 17.161 2.576 4.000 60 17.875 2.679
61 17,313 2.896 4.000 62 20.027 3.000 1463 20.740 3.113 5.000 64 21.4'54 3.217 3.<,'.,. 65 22.168 3.320 4.000 66 22.882 3.434 4.000
67 23.595 3.538 18.000 68 24.309 3,652 1 ,'0,"69 25.033 3.755 2.000 70 25.747 3.85 Ii.,

- 71 26.461 3.972 10.000 72 27.175 4.07' f; ',0,'
73 27.88s 4.179 1.000 74 28.60;? 4.293 11. t0.75 29.316 4.396 1.000 76 30.03v 4.510 7'77 33.609 '.038 1.000 78 5.7"?0 141 4 5.79 7.14b 1.427 1.000 80, 12.E,0 2.576 .,,,
81 13.582 2.721 2.000 82 14.3uA ?.8r2- 4J'•,83 15.020 3.000 2.000 84 17.875 3.579 12.000
85 18.589 3.714 8.000 86 19.13 3.85fi 6.c"o.87 20.027 4.003 22.000 88 20.74,., 4.14t' 17.os0,89 21.454 4.293 58.000 90 22.168 4.438 24.00'0,91 22.882 4.572 11.000 92 23.595 4.717 38.0cc93 24.309 4.862 6.000 94 25.033 5.007 5.00,
95 25.747 5.152 28.000 96 28.602 5.720 2•. (,97 29.316 5.865 4.000 98 30.030 6.010 9.0,99 32.181 6.434 10.000 100 33.609 6.724 1.0"')101 10.727 2.679 2.000 102 12.155 3.041 2.O,,103 12.868 3.217 2.000 104 13.582 3,393 1.0w.'105 14.306 3.579 2.000 106 15.020 3.755 3.00,.107 16.447 4.107 8.500 108 17.161 4.293 27.00(,109 17.875 4.469 134.000 110 18.589 4.645 6.0

iti 19:.33 4.831 13.000 112 20.027 5.007 111.0',.
113 21.454 5.358 1.000 114 22.168 5.544 3.0 "115 22.882 5.720 1.000 116 23.595 5.896 8.o.u.

70

.q



TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

STRESS LAYERS IN ONE BLOCK
STEP SIGMA-MAX SIGMA-MIN CYCLES STEP SIGMA--MAX SIGM4A-MIN. ( cl

117 24.309 6.083 20.000 i18 25.033 6.258 3.0 ,
119 25.747 6.434 61.000 120 26.461 6.610 17.r(j,,"
121 27.175 6.796 1t3. 000 122 28.602 7. 148 5,. 00o.
123 30.030 7.510 3.000 124 4.293 1.28'3 1.00o
125 5.007 1.500 2.000 126 12.155 3.,6' 2 1 .00,'.
127 12.860 3.858 5.000 128 13.50:'2 4.075 3'. ,'c,
129 15.020 4.510 23.000 130 15.734 4.717 17.,.
131 16.447 4.934 111.000 132 17.161 5.1' ,,1
133 17.875 5.358 1 .000 134 i8.5,"-' 5.57L. 7e .,
135 19.313 5.793 1.000 136 20.027 6.010 209,'.01,o,
137 20.740 6.217 43.006 138 21.454 6.43, 17,'
139 22.168 6.651 13.000 140 22.882 6.869 3.'.-
141 24.309 7.293 5.000 142 11.441 4.003 7.,'
143 12.155 4.251 49.000 144 12.868 4.0 6.05'10
145 13.582 4.758 10.000 146 14.30e6 . .0(7 2.07 .15 '
147 15.020 5.255 3.000 148 16.447 5.751 14.(...
149 17.161 6.010 8.000 150 17.875 6.;'As: 40" . O0
151 18.589 6.506 1.(000 152 19.313 6.7'5 65.0-du
153 20.740 7.262 11.000 154 7.862 7.145 i. 0,C..
155 10.727 4.293 94.000 156 12.155 4.882 19.00.
157 12.868 5.152 434.000 158 13.582 5.431 19.c.",
159 14.306 5.720 1.000 160 15.020 6.010 19.000
161 15.734 6.289 2.000 162 16.447 6.579 494.000
163 17.161 6.869 92.000 164 18.589 7.437 4.000
165 19.313 7.727 19.000 166 6.434 2.896 2.000
167 7. 142 3.217 19.000 160 9.300 4.179 23. f,.
169 10.727 4.831 534.000 170 12.155 5.472 1 .000
171 12.868 5.793 54.000 172 13.582 6.114 5.000
173 14.306 6.434 716.000 174 15.020 6.755 i •O.'ok
175 16.447 7.396 11.000 176 17.161 7.727 36.0((
177 7.86? 3.931 8.000 178 11.441 5.720 5.000
179 12.155 6.083 31.000 180 12.868 6.434 363. 0,",,,
s81 13.582 6.796 93.000 182 15.020 "7.'f 16 6. 0(,0

183 7.862 4.324 3.000 184 10.727 5.896 37.00',
185 12.155 6.682 278.000 186 12.8, 7. 0 '4. i .(0--
187 13.582 7.469 38.000 188 7.148 4.293 3.(,,.
189 11.441 6.869 1.000 190 7.148 4.645 7.000
191 7.862 5.110 67.000 192 6.43 4 4.510 12.('.
193 7.148 5.007 212.500 194 5.720 4.293 :'.0,c
195 7.862 5.896 1.000 196 5.007 4.251 1.000
197 5.720 4.862 1.000 198 7.148 6.083 17.000
199 7.862 6.682 293.000 200 7.148 6.434 7.0-"0
201 5.007 4.758 22.000 202 6.434 6.114 4.0(0
203 7.148 6.796 52.000 204 7.862 7.169 2.0'0
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TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

D A M A G E G R 0 W T H HI S r 0 R Y

BLOCK Ci C2 VMAX- Ci KMAX--C2 DICI/DF DC2/DFI INITIAl INITIA2
Ai A2 KMAX-Ai KMAX-A2 DAI/DF DA2/14F KNi I N2

0.0 0.05000 0.00000 20.192 0.000 .OOOE+00 .000F+00 00OE+00 .O00E#00
0.05000 0.00000 25.306 0.000 .000E+00 .000o 7+00 .000E#00 O0OE400

1.0 0.06587 0.00000 24.246 0.000 .132E-03 .000E400 00OE+00 .00E400
0.08191 0.00000 27.526 0.000 .266E-03 .000E+00 .O00E.00 .OOOE+00

2.0 0.09110 0.00000 27.624 0.000 .210E-03 .000E+00 000E+00 .OOOE400
0.12312 0.00000 29.527 0.000 .343E--03 .000F.00 .O00E+00 .006F400

3.0 0.12659 0.00000 2B.050 0.000 .296E-03 . (-oo÷+0 000E4-00 .O0o0+O0
0.17173 0.00000 "28.167 0.000 .405E--03 .OOOE+00 OOOE+00 .OO+00

STABLE BREAK.-THROUGH OF CRACK NO. I OCCURS AT :
cV>= 1.0, STEP 7: 77, BL..O)(:lK = 4, CRACK DEPTH = .181308

CRACK DEPTH IS SET FQLIAL TO PLATE IHICKNESS 0.1880 INCHES

4.0 0.`16422 0.00000 30.549 0.000 .314E--03 .OOOE+00 .000E+00 .000(+00
0.18800 0.00000 0.000 0.000 .1361-03 .O000F+O 000E+00 .OOOE+00

5.0 0.20819 0.00000 31 .702 0.000 .366E-03 .0001-00 .000E+00 .000V+00
O.18800 0.00000 0.000 0.000 G00f:*00 .000[40 -400 .000E4-00 .OOOE 400

6.0 0.25813 0.00000 33.030 0.000 .416E-03 .O00EO110 .060E+00 .OOOE+00
0.18800 0.00000 0.000 0.000 .000E+00 .O00OE00 O00E+00 .000O.00

7.0 0.31610 0.00000 34.575 0.000 .483E-03 .O00F#00 .04,OE+00 .000E+00
0.18800 0.00000 0.000 0.000 .O000[:+O .000E400 O00E+)0 .000E.00

8.0 0.38452 0.00000 36.379 0.000 .570E--03 .O00E400 OO1 +00 .o000..#00
0.i8800 0.00000 0.000 0.000 .000E+00 .000E*00 .000E+00 .0001+00

9.0 0.46651 0.00000 3:1. 493 0.000 .68751 * 7-03 .0001.+00 O00E+00 .000W F-00
0.18000 0.00000 0.000 0.000 .000E,00 .0001 :E00 . )01+o+0.0000[ -00

`10.0 0.56608 0.00000 40.9982 0.000 .030E-03 .000E.00 O'fOr-(O .0001[+00
0.'i8800 0.00000 0.000 0. 000 . 000E0+0o 400 O000f 0 .000v1-00

11.0 0.69343 0.00000 44.054 0.000 .106E-0"• .0001 400 000• fO0 .ooor0 -oo
0. 1800 0.00000 0.000 0.000 .000E-00 .4010 .OO OE+0 .000. 400

12.0 0. 859 73 0.00000 47.96 5 0.000 .1.39 0.- .0001 #00 000F0 #00 .O00F+00
0.18300 0.0000o 0.000 0.000 .000E40( .'OO . 00 .00,0'1÷400 .000t 100

`13.0 1 .09410 0.00000 53.904 0.000 . 195E -02 .00r. f O0 0001'+00 .00,,f- +00
0. 10800 0.00000 0.000 0.000 .00E * 0o .00f +00 .0001400 .000f +00
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TABLE 3.2.1-2. EXAMPLE 2, METHOD 1, RUN 1 OUTPUT FILE (CONCLUDED)

LUNSTAB•LE GROWTH OF CRACK NO. i OCCURS AT:
CYC = 32.0, STEP =ii9, BLOCK = 14, CRACK LENGTH = 1.38295, CKMAXS=i17.96

THE OTHER CRACK LENGTH = 0.00000
TERMINATE DAMAGE COMI-PITATION

RETARDTION PARAMETERS AT THE TERMINATION OF CRACK GF:OWIH COMPUTATION
APAOLI .202E+00, APCOLI = .166F.0i, RYAolI = j 7 .13.*-01 , RYCOLI = .2953C+00

AKOLi .269E.+02, CKOL..1 = . 2.4?.•> n, AOLI = .if3,3+0O, COLI = .131F+0i
APAOI.2 = .00E+0O, APCOL'? = .O00E+00, RYAOL2 = .O00E+O0, RYCOL2 .0001 +00

AKOI..2 - .000E+00, CKOL2 = .OOOE+00, AOL-2 = .O00or.400, COL2 = .OOOE+O0
RETARDATION PARAMETERS AT THE TERMINAIION OF CRACK INITIATION COMPUTAfION

DMGi = .OOOE+00, DMGOL.i =.000E4O0, DELDGI =.O00E O00
DMG2 = .OOOE+00, DMGOL2 =.OOOF+00, DELDG2 =.00 )F-+00
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TABLE 3.2.1-3. EXAMPLE 2, METHOD 1, RUN 2 INPUT FILE

I ,.Ml*l V IIIN 00. I I I II 1 I•H ) fi IIAD(N MIZI.I 1' )I(. ID NC flJCC1lkIIM
_.4 I • :.'All

*.21141. -"9 0..'0 3.336 o ,o.212eL 9 0.00 2. 9/183
Sio.00 36.0 53.0 2.0 2.3 0.99 -0.99

10.426 .366 0.887 10700.0 0.022 1 .00o0 1 .0 1 .0
0. .130 8.180 0.1Oo 0. 188 .0000 0.000 0.000 0. 00o

0.19800F0oo.28701! .000.1(801! --O01.5260E- O0O. 2390o+020. 3050oE12o. 1 iIA0OE +000.2340f100
0.0000! t-00.00000E+. OvO . O000E+O00 O.0000+0.,000.00E+000 .O000E+000. O00'E+000 O0000E+00
0.000E -. 000E+O0001!+00.0000E .O000.00001+000.000[ +-000.0000E+00

0.188 0.1250 8.18 9.82 0y %000'0 .00000 99.900 50. 1.00
0.0000 0.'1250 0.00 1.64 0.00000 .00000 0.00000 .00000
0.000 0.0000
S I119 1 0 1 100 1030 0000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.0.0 25.0 6000. 1

TABLE 3.2.1-4. EXAMPLE 2, METHOD 1, RUN 2 OUTPUT FILE

***** DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 *****

EXAMPLE RUN NO. 2 SPECIMEN SUJBJECTED TO RANDOMIZED LOADING SPECTRUM

* THIS ANALYSIS RESIARTS WITH THE STRESS SPECTRUM AT STEP 119 *

NO. OF SITES TO BE ANALYZED CRACK GROWTH = i CRACK INITIATION = 0

CORRESPNINDING DAMAGE CODES CRACK GROWTH = i030, CRACK INITIATION = 0

IOAD INTERACTION : GENERALIZED WILLENBORG ET AL--CHANG MODEL

MATERIAL. : 2024-T3 S H EfE.". T
WALKER EQ. CONSI. (+R) C = 0.224E--08, M =0.700, N -'3.339
WALKER EQ. CONST. (-R) C = 0.621Tf-08, M =0.000, N =2.978
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT--OFF RATIO = 2.300
+R CI.,I'-..OF'F: = 0.9900, -R CUT-OFF . -0.9900
YIEI L) STRENGTH 53.000
ELASTIC MODULUS = 0.i070E+05
PL. STRESS FRACT. TOIJUIHNESS = i116.00
PL. STRAIN FRACT. TOUGHNESS = 36.00
DAMAGE INDEX FUF:' CRACK INITIATION = 0.887
NEUDER MAIERIAL CONST. = 0.022
CRACK INITIATION EQ. CONST. - SF 10.426, M =-.366
STRESS SEVERITY FACTOR FARAME!TERS

ALPHA ;-1 .0000, I-f IA - I .0000, GAMMA = i.0000

SPECIFIED DAMAGE CONDITIONS
INITIAL CRACK LENGTH OF CRACK NO. 1 0.23000
FINAL CRACK LENGTH OF CRACK NO. i B.18000
INITIAL. CRACK DEPTH OF CRACK NO. 1 0.18800
F: INAL CRACK DEPTH OF CRACK NO. i : 0.18800
INITIAL CRACK I. NGIH OF CRACK NO. 2 0.00000
FINAL CRACK LENII'H OF" CRACK NO. 2 0.00000
INITIAl. CR'ACK DIF'TH IF CRACK Nfl. 2 O,0000ýu
FrINAL CRACK )FP' H fF: CFRACK NO. ., 0.000r0e
PARAMI T EFRS FROM PRI V'TOIS CR'ACK I"POW1 I HIISTORY

APA(LI = . I 9Fi[ .00, AF*COI..1 = a /f 400, RYAO I_ 1 . I iOtl -.0 i, RYC(OL.AI . 92,,F..(I
AKOI.. : 139= V f.0.F . .0.' 01 1 _011 0..', AO0..¶ .1 .= 0l ff 400, C01 ' 1 .121 41 +00

AFPAOI_2 = .000 +00, AP'0I1.2 = . DOOO .00, RYAOL'.. .-- 0 0f•.. ), RYCIlI.. 2 O'o. O 40EOF N
AIOL2 '--" .0001 �,00, CI.. 2 0 L0[2 00 , AfIL ... 00 •,,)00, 1(0 2 + " '. +0-

F'AF.AMF.FRS C'F;1()M .I VI OIJ.! RACK INI. IIAT'TON HI STORY
I)MCi = .0001:f0,-, DM(1,1[. = ,,,OF .,0, ID-l. C I -- . ,,OF 4 0
I)MG2 = .00 F 40o' , DM(,)L..:: =-.000 OF00, Il l.I,' 1.1)(- ,or 160o
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TABLE 3.2.1-4. EXAMPLE 2, METHOD 1, RUN 2 OUTPUT FILE (CON'T.)

COMPONENT (EOMETRY
THICKNESS OF F'LATE 0.`18800
RADIUS OF MID. HOI E 0.12500
RATIO OF PLAlE LENGTH TO HOLE DIAMETER, E/D 99.89999
DISTANCE BETWEEN MID. HOLE AND R.H.S. EDGE 8. 1BOOo
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE 9.82000
FRACTION OF LOAD TRANSFER BY MID. BOLT 0.00000, 0.00000
RADIUS OF THE R.H.S. HOLE : 0.00000
DISTANCE BETWEEN MID. AND R.H.S. HOLES 0.00000
FRACTION OF LOAD TRANSFER BY R.H.S. BOLT 0.00000, 0.00000
RADIUS OF THE L.H.S. HOLE : 0.12500
DISTANCE BETWEEN MID. AND L.H.S. HOLES 1.64000
FRACTION OF ILOAD TRANSFER BY L.H.S. BOLT 0.00000, 0.00000
PERCENTAGE OF COUNTERSINK DEPTH W.R.T THICKNESS 50.0
STRESS CONCENTRATION DUE TO PIN DEFLECTION 1.00
FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
FAYING SURFACE FRICTION STRESS 0.0000

STRESS SPECTRUM :
NO. OF BLOCKS SPECIFIED FOR ANALYSIS I00
TOTAL NO. OF CYCLES IN ONE BLOCK 7416.500
TOTAL NO. OF FLIGHTS IN ONE BLOCK 120.000
NO. OF BI.OCKS IN ONE DESIGN LIFIEIME 25.000
NO. OF FLIGHT HOURS IN ONE DESIGN LIFETIME 6000.000
MAXIMUM PEAK STRESS OF THE SPECTRUM 3 ", .750
NO. OF STRESS LAYERS IN ONE BLOCK 204
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TABLE 3.2.1-4. EXAMPLE 2, METHOD 1, RUN 2 OUTPUT FILE (CONCLUDED)

****** D A M A (, E G R 0 W T H H I ST0Y ******T R

BLOCK Ci C2 KMAX-CI KMAX-C2 DCI/DF DC2/DF INITIAl INITIA2
Ai A2 KMAX-AI KMAX-A2 DAi/DF DA2/DF KNi KN2

0.0 0.23000 0.00000 68.666 0.000 .OOOE+00 .O00E+00 .000E+00 .O00E+00
O.18800 0.00000 0.000 0.000 .000E+00 .000E+00 OOOE+O0 .000E+00

1.0 0.62217 0.00000 78.573 0.000 .327E-02 .000F+00 .000E400 .00OE+00
0.18800 0.00000 0.000 0.000 .00OE+00 .OOOE+00 .00OE+00 .00OE+00

2.0 2.16138 0.00000 96.070 0.000 .128E-01 .'00E+00 .00OE+00 .OOOE+00
0.18800 0.00000 0.000 0.000 .OOOE+00 O00OE+00 .O00E+00 .OOOE+O0

UNSTABLE GROWTH OF CRACK NO. i OCCURS AT:
CYC = 6.0, STEP = 98, BLOCK = 3, CRACK LENGTH = 3.65077, CKMAXS=116.20

THE OTHER CRACK LENGTH = 0.00000
TERMINATE DAMAGE COMPUTATION

RETARDTION PARAMETERS Al THE TERMINATTON OF CRACK GROWTH COMPUTATION
AFAOLI = 198E+00, APC(JLI = .415E+01, RYAOLIi = i08E'-01, RYCOLi = .535E+00

AKOLI = .239E+02, CKOLI = .972E+02, AOLI = .188E+00, COLI = .361[ +01
APAOL2 = .OOOE+00, APCOL2= .OOOE+00, RYAOL2 = .000E+00, RYCOL2 = .0001.00

AKOL2 = .00OE+00, CKOL2 = .000E+00, AOL.2 •- .0(00-)E+00, COL2 = .000,1-O0
REIAFPDATION FARAMETFRS Ar THE TERMINATION (IF CRACK [NITIATION COMPUTATION

DMGI = .O00'E+00, DMG OLi =,0OE+00, DELDGi =.(OOOE+O0
DMG- = .000E+00, DMGOL2 :-.O,)O.E+00, DE.LDG? =.O0(.O(.+00
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TABLE 3.2.2. EXAMPLE 2, METHOD 2 SUM4MARY TABLE

REF. PAGES 78 THROUGH 90

.-- INITTAL
FLAW

02 ,/01 1 a3
,?I -Fm l7I142 ý01I.

a 1 a 2 a 3 LIFE (BLOCK, ROUTINES RUN
(IN) (IN) (IN) LAYER, CYCLES) GROWTH INITIATION NO.

.050 0 0 0 KOlO SlO01 1

.065 0 0 1, 0, 0 K1010 S10l1 1
.091 0 0 2, 0, 0 K1010 S10l1 1
.126 0 0 3, 0, 0 K1010 S10l1 1
.164 0 0 4, 0, 0 K1010 S1lO1 1
.208 0 0 5, 0, 0 K1010 S1lO1 1
.258 0 0 6, 0, 0 K1010 S10l0 1
.316 0 0 7, 0, 0 K1010 S1lo1 1
.384 0 0 8, 0, 0 K1010 S1lO0 1
.466 0 0 9, 0, 0 KOlO SlO10 1
.566 0 0 10, 0, 0 K1010 $1010 1
.693 0 0 11, 0, 0 K1010 S1lo1 1
.859 0 0 12, 0, 0 K1010 S1lO0 1
• 901 .050 0 12, 36,11 K1010 S1lO1 1

1.218 .45 0 13, 0,22 K1040 S1030 2
1.39 .532 0 13, 34,23 K1040 S1030 2

1.044 .050 13, 96,40 K1030 S1050 3
2.205 1.229 14, 0,40 K1050 - 4

NO. OF CYCLES TO SECONDARY CRACK INITIATION = 89,134 CYCLES
NO. OF CYCLES TO FAILURE = 103,871 CYCLES
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TABLE 3.2.2-1. EXAMPLE 2. METHOD 2, RUN I INPUT FILE

[YAMFIE RlUN 10. 2 SIICIMIEN S11D.WJCrTED ro RANDOMIED LOADING SPECrRUM
20-4 TA 2111 E T

.374V 0Y 0. A i.33,86 6.21i26E 9 0.00 2.9783
116.00 3t- 0 5.0 2.0 2.3 0.99 -0.99

¶0.426 .3o0 o. uu I 10700.0 0.022 1.000 1 .0 1.0
() , I M 90 0.0o0 0. 18 .0000 0.000 0.000 0.000

0'. ('0001t * ,)90. 0uoOLE '00. (,,"OL o.t v) 0
. (, OOOE +*0.0, O00G L .000. 000,". 4000. OQOE +000. OQOOL +00

0. -00'E+o00. 0000E +000. 0000EC 000. WOOLE *000. 0000+4 000. O00OOEi 000. 0000E+000. 0000E+00
0.00000E+000..OE400000OOOE+000.OoOEio0.O000E'+0-00.OOOOE+00

0.184 O. t250 9.82 8.18 0.00000 .00000 99.900 50. 1.00
0.12L)0 0.0000 1.64 0.00 0.00000 .00000 0.00000 .00000
0.000 0.0000
0 00 1 2 1 100 10110 1010
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 25.0 6000. 1

TABLE 3.2.2-2. EXAMPLE 2, METHOD 2, RUN 1 OUTPUT FILE

***** DETAILED) DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 ****

EXAMPLE RUN NO. 2 SPECIMEN SUBJECTFD TO RANDOMIZED LOADING SPECTRUM

* THIS ANALYSIS STARTS AT THE BEGINNING OF THE. SIRESS SPECTRUM *

NO. OF SITES TO BE ANALYZED CRACK GROWTH = 1; CRACK INITIATION = 2
CORRESPONDING DAMAGE CODFS CRACK GROWTH = i010; CRACK INITIATION = 1010

LOAD INTERACTION GENERALIZED WILLENBORG ET AL--CHANG MODEL

MATERIAL : 2024--T3 SHEET
WALKER EQ. CONST. (+R) C = 0,224E--08, M =0.l00, N -3.339
WALKER EQ. CONST. (-R) C = 0.621E-08, M =0.000, N -2.978
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-OFF RATIO = 2.300
+R CUT-OFF = 0.9900, .- R CIUT-OFF = -0.9900
YIELD STRENGTH 53.000
ELASTIC MODULUS = 0.1070E405
PL. STRESS FRACT. TOUGHNESS = 116.00
FPL. STRAIN FRACT. TOUGHNESS = 36.00

DAMAGE INDEX FOR CRACK INITIAT.SON 0.807
NE0I1ER MATERIAL CONST. = 0.022
CRACK INITIAT'ION EQ. CONS.I : SF 10.426, M ='-.346
STRESS SEVERITY FACTOR PARAMETERS

ALF'HA = i.0000, BFTA 1 .0000, GAMMA = 1.0000

.SPECIFIED DAMAGE CONDIT IONS
IN.FTI AL CRACK L.ENGTH (O CRACK NO. i 0.0'000
FINAL. CRACK I .. NFTH OF CRAI(K NO, 1 1 -39000

INITIAL CRACK DEPTH OF CRACK NO. 1 0.0'50o0
FINAL CRACK DEPTFH OFC CRACK NO. 1 0. 18000
INITIAL (CRACK LENGTH OF CRACK N. 2: 0.00000
F[NAL CRACK I..NIW I OF CRACK NO. 2 0.00000
INITIAL C.RACK I)FF'ITH Il: CRACK NO. 0.00000
FINAL CRACK DII.I"H OF CRACK NO.) 0. " O.OO
PARAMETERS; FROM PREVI(I lIS { RACK GI OWrH HISTORY

APALII. = .0lO Ll.00, AFCOL I = .0001-A400, RYAOI...I = .0(.off 0o,, FRI' =7OL i = .0001:4+00
AK 01 1 ,0001.. t'00, CUK 1..1 = - 000F+00, AOLI. , .- ' Os E+O0), ('01i 1 = .0001 .00

AFALIL2 0((.O000F .00, Af*COl..? •': .O001E.+ 0, RYAOI. 2 = . 0tE+00, Rvf'OtU . = .(n OF.O.0A1(ILL : .. ''OF4.O0) , )K,, 01 , , , ,F 00, .OL? ' , ,,: +0., C;t 2 . 00oo01#0

FPARAMF: FERS FR'OM I ';::V TOII IS, CIPAK o"V N I1 I A I1-ON H 1S'l'0)Fe'Y
f•4(' ¶ ....: OOIT 4'00, OMNGOL., 1 <'. 0C¾,"jI +O00, I01 I. IPr, U ::, 0014. 00
0MG' .000C."400, DMGOI...' ': ( ,+.00, DEL D(.. VG . 0 -f '0
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TABLE 3.2.2-2. EXAMPLE 2, METHOD 2, RUN 1 OUTPUT FILE (CON-T.)

COMPONENT GEOMETRY
THICKNESS OF PLATE :o0. 000
RADIUS OF MID. HOLE 0.12500
RATIO OF PLATE LENGTH TO HOLE DIAMETER, E/D 99.89999
DISrTANCE BETWEEN MID. HOLE AND R.H.S. EDGE 9.02000
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE :.18000
FRACTION OF LOAD TRANSFER BY MID. BOLT 0.00000, 0.00000
RADIUS OF THE R.H.S. HOLE : 0.12500
DISTANCE BETWEEN MID. AND R.H.S. HOLES 1.64000
FRACTION OF LOAD TRANSFER BY R.H.S. BOLT 0.00000, 0.00000
RADIU.S OF THE L.H.S. HOLE : 0.00000
DISTANCE BETWEEN MID. AND L.H.S. HOLES 0.00000
FRACTION OF LOAD TRANSFER BY L.H.S. BOLT 0.00000, 0.00000
PERCENTAGE OF COUNTERSINK DEFPTH W.R.T THICKNESS 50.0
STRESS CONCENTRATION DUE TO PIN DEFLECTION 1.00
FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
FAYING SURFACE FRICTION STRESS 0.0000

STR$ESS SP'ECTRI.M
NO. OF BLOCKS SPECIFIED FOR ANALYSIS i00
"I ('TAL NO. OF CYCLES IN NE. BLOCK 711 6.500
TOTAL NO. OF FLIGHIS IN OiNE BLOCK 1`0.000
NOl. OF BLOCKS, IN ONE DF:SIGN I TF'•1IMF 25.000
NO. OF FLIEHF HOIIRS IN ONE ,I ','IN L..IF FIIME £3000.000
MAXIMUM FLAK "STRI.',.7' OF 1 HFl S'E C' RUM 3`5.
NIO. OF STRESS LAYERS IN ONE IBLOCK 204
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TABLE 3.2.2-2. EXAMPLE 2, METHOD 2, RUN 1 OUTPUT FILE (CON'T.)

**** D A A G E G R 0 W T H H I ST(RY *T*wR**

BLOCK Ci C2 KMAX.-Ci KMAX-.C2 )CI/DF DC2/DF INITIAl INITIA2
Ai A2 KMAX-AI KMAX'A2 DAi/DF DA2,'DF KNi KN2

0.0 0.05000 0.00000 20.192 0.000 .O00E+00 .000•+•00 .143E.-03 .i06E-03
0.05000 0.00000 25.306 0,000 .000E+00 .000E+00 .278E+01 .263L+01

1.0 0.06587 0.00000 24.246 0.000 .132E.-03 .0001;+00 .293E-01 .209E--0l
0.08191 0.00000 27.526 0.000 .266E-03 O001E+00 .2431+01 .26317+01

2.0 0.09110 0.00000 27.624 0.000 .210E-03 .O001E00 .610E.-0i .418E-01
0.12312 0.00000 29.527 0.000 .343E-03 .OOE+00 .2901-401 .263E+01

3.0 0.12659 0.00000 28.050 0.000 .296E-03 .O00E+00 .980E-01 .626E-01
0.17173 0.00000 28.16"7 0.000 .405E-03 .000E+00 .273E+0I .263E.01

STABLE EPREAK-THROUGH OF' CRACK NO. I OCCURS AT :
CYC= 1.0, STEP = 77, BLOCK-= 4, CRACK DEPTH = 0.18808

CRACK DEPTH IS SET EQUAL TO PLATE THICKNESS 0.1880 INCHES

4.0 0.16422 0.00000 30.549 0.000 .314f-03 .OOOE+00 .126E+00 .835E-01
0.18800 0.00000 0.000 0.000 .136E-03 O00E1400 .282E+01 .263E+01

5.0 0.20819 0.00000 31.702 0.000 .366E--03 .000E+00 .159E+00 .1 04f1+00
0.18800 0.00000 0.000 0.000 .000f1.'00 .000E400 .292E+01 .263E1.01

6.0 0,25W13 0.00000 33.030 0,000 .416 .- 03 .00(. 400 .199E-00 .125EE-00
0. 18800 0.00000 0.000 0.000 .O00E+00 .000j4+00 .303E÷01 .263E+() 1

7.0 0.31610 0.00000 34.575 0.000 .483E1-03 .0001+00 .240E+00 .1461:-+00
O.18800 0.00000 0.000 0.000 0OO÷f00 .000F+00 .315E+01 .263E+01

8.0 0.38452 0.00000 36.379 0.000 .570E".03 .0001+00 .309E400 .16?7F .+00
O.18800 0.00000 0.000 0.000 .000[14+00 .00E0+00 .328[:14 .24•0:1 fi)

9.0 0.46651 0.00000 38.493 0.000 .683l1-03 .000+400 .387E+00 18flE+00
O.18800 0.00000 0.000 0.000 .000[+400 .O0OE+00 .344E+01 .2634+01

10.0 0.56608 0.00000 40.982 0.000 83(4-03 .001E+00 .4,1SE00 0"); 1.00
0.18800 0.00000 0.000 0.000 .000f.::+00 . 000F100 .361E+01 .26W*01

11.0 0.69343 0.00000 44.054 0.000 .106E--02 .0001*:÷00 .622r+00 .2"'T'+00
0. 1 8800 0.0,00000 0 000 0.000 .00010•40 . o00)+00 .303E1+01 .2,'. 4: #(01

12.0 0. 05973 0.00000 4.7. 965 0.000 . 1391- .-02 .:000E.00 .8109E1+0 ) , .0()
0.18800 0.00000 0.000 0.000 .0001 O+0 .000E+00 .409E4+0 .263401
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TABLE 3.2.2-2. EXAMPLE 2, METHOD 2, RUN 1 OUTPUT FILE (CONCLUDED)

CRACK INITIATION FOR LOCATION i I(OCURS AT
CYC 1- 1.000, STEP = 36, BLOCK = 13

CRACK LENGTHS AT TH4E TERMINATION OF CRACK INITIATION COMPUTATION
Ci = 0.90143, Al = 0.18800, C2 = 0.00000, A2 = 0.00000

RETARDT] ON PARAMETERS AT THE TERMINATION (OF CRACK (GROWTH COMPUTATION
APAOLI = ,2.0...00, APCOLI ii '01E+01, RYAOLiI = .137E..01, RYCOLi = i3E:400

AKOLI = .269[E+02, CKOLI .485E+02, AOL. = if3BE+00, COLi = .1(30E400
APAOL2 = .O00OD.0, APCOL2 = .OOOE+00, RYAOL2 = .OOOE+00, RYCOL2 = .oOOE400

AKO3L2 = .0001400, CK(L2 .O00E+00, A4L..2 = .OOOE+00o, COL2 = .0001.#00
REIARDATION PARAMETfRS AT THE TERMINATION OF CFACK INITIATION COMPUTATION

DMGi = .879E+0o, DM&-,()L1 :=.970E-03, DEI.DGi =.O,'OE+00
I)MG2 = .257E+00, DMGOL2 =.I05E--03, DELDG2 =.000E+00
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TABLE 3.2.2-3. EXAMPLE 2, METHOD 2, RUN 2 INPUT FILE

I , ill'l I h I. N Nil. 'I :I 18* r I 'Mk IN '.14 I ll 1 I, I. ii , ,`li 'l I 10 I (JAI) ING(. I 01 m
:-0.!4 IA S JIL kIt
2.2/4([ 09 0. 30 ,.3386 6.21't2E.'I 0.o0 2.9783

116.00 36.0 53.0 2.0 2.3 0.99 -0.99
10.426 -. 366 0.887 10100.0 0.022 1.000 1.0 1.0
o.900 1.390 0.1a88 O.18a8 0500 8.180 0.050 O.•aR

0.2)20L*000.¶O10E .010.13"7Of 1Oi.1330t+000.?690E+020.41840E÷020.I1BOE+000.80OEio0
0. Q0 OOO.E000. Et .OOQE +'o0 . OCCOEtG000. O00uE * 000. O00OE+O00 . OOE+O0000E+00
0.:'57O[ *000.1 OSOE" 03.(O. O000E+÷000. OU00E+O00 . OOOOE 000. O000QE 00

0.188 0.1250 9.82 G.18 0.00000 .00000 99.900 50. 1.00
0.1250 0.0000 1.64 0.00 0.00000 .00000 0.00000 .00000
0.000 0.0000
1 36 2 1 1 100 1040 1030
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 25.0 6000. 1

TABLE 3.2.2-4. EXAMPLE 2, METHOD 2, RUN 2 OUTPUT FILE

***** DETAILED DAMAGE: GROWTH ANALYSIS PROGRAM D A M G R 0 *****

EXAMPLE RUN NO. 2 SPECIMEN SUBJECTED TO RANDOMIZED LOADING SPECTRUM

* THIS ANALYSIS RESTARTS WITH THE" STRESS SPECTRUM AT STEP 36 *

NO. OF SITES TO BE ANALYZED CRACK GROWTH = 2; CRACK INITIATION =
_ CORRESPONDING DAMAGE CODES CRACK GROWTH = 1040; CRACK INITIATION = 1030

LOAD INTERACTION : GENERALIZED WILLENBORG ET AL--CHANG MODEL

MAl F rIIAL : 2024--T3 SHEET
WALKER EQ. CONST. '(R) C = 0..224E-08, M =0.700, N =3.339
WALKER EQ. CONST. (-C-R) C = 0.621E-08, M =0.000, N =2.978
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT-OFF RATIO = 2.300
+R CUT-OFF = 0.9900, -R CUT-OFF = --0.9900
YIELD STRENGTH 53.000
ELASTIC MODULUS = 0.i070E+05
PL. STRESS FRACT. TOUGHNESS = 116.00
PL. STRAIN FRACT. TOUGHNESS = 36.00
DAMAGE INDEX FOR CRACK INITIATION = 0.88"7
NEUBER MATERIAL CONST. = 0.022
CRACK INITIATION EQ. CONST. : SF 10.426, M =--.366
STRESS SEVERITY FACTOR F'ARAME.TFRS g

ALFPHA = 1.0000, PETA = 1.0000, GAMMA 1 i.0000

SPECIFIED DAMAGE CONPDTIONS
INITIAL CRACK LFNGTH Or CRACK N(. 1 0.90100
FINAL. CRACK t.ENG1H OF' CRACK NO. 1 1 .39000
INITIAl CRACV DEPTH or CRACK NO. 1 0. 18-800
FItJAL CRACK DI: PTH OF CRACK NO. 1 0: . 198000
INI I IAL CRACK LENGTH OF CRACK No. 2 0.)05o00
FINAL CRACK LENGTH OF CRACK NO, 2 : .18000
INITIAL CRACK DEFPTH or CRACK NO. 2 0.05000
FINAL CRACK DFPTH OF CRACK NO. 2 ).1i88j00
PARAMETERS FROM PREVIOU.S CRAC.,K GROWTH HISTORY

APAOLI = .202E#00, AF'COL. = .101[*-1. , RYAOI I = .137E.01 , RYCOL.I il.3r-00

AKOLI = .. 691'f" 02, CKOI. 1 4 ,91 V. 102, AIA .1 IflL COL . P:',' 1d f00
APAOL.2 - .O000 00, A0ECOI . o 0o0, RYA0I.] "• .()O(I)(.)I ), 0 YC(L --=. ,jOPI *'0

AKOIL2 = 000F+00, CKO I " . p0,W)E O,, AOL:. *. )'I • 'rl' , ' l.-' 1.,'W 4(0)0
r:ARFAMF' I ER FROM PF"'VVT I I- , CRACK TNI-II AT'.ON HI'ITORY

)MI-i . 2¶? 7E 4(,0, DM ,01-I.. I . I O' 03. 11 .. j.. f, i . ,00, 4 ,

DMG2 ' . 000E ''0 , Dfoe'1 : . 0f)K4 .0 , Vr'i..IFi; .Ir I".
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TABLE 3.2.2-4. EXAMPLE 2, METHOD 2. RUN 2 OUTPUT FILE (CON'T.)

COMPONENT GEOMETRY
THICKNESS OF PLATE O.J880()
RADIUS OF MID. HOLE 0.'12500
RATIO OF PLATE LENGTH TO HOLE DIAMETER, E/D 99.89999
DISTANCE BETWEEN MID. HOLE AND R.HS. EDGE 9.82000
DISTANCE BETWEEN MID. HOLE: AND L.H.S. EDGE :.18000
FRACTION OF LOAD TRANSFER BY MID. BOLT 0.00000, 0.00000
RADIUS OF THE R.H.S. HOLE : 0.12500
DISTANCE BETWEEN MID. AND R.H.S. HOLES 1.64000
FRACTION OF LOAD TRANSFER BY R.H.S. BOLT 0.00000, 0.00000
RADIUS OF THE L.H.S. HOLE : 0.00000
DISTANCE BETWEEN MID. AND L.H.S. HOLES 0.00000
FRACTION OF LOAD TRANSFER BY L.H.S. BOLT 0.00000, 0.00000
PERCENTAGE OF COUNTERSINK DEPTH W.R.T THICKNESS 50.0
STRESS CONCENTRATION DUE TO PIN DEFLECTION 1.00
FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
FAYING SURFACE FRICTION STRESS 0.0000

STRESS SPECTRUM
NO. OF BLOCKS SPECIFIED FOR ANALYSIS 100
TOTAL NO. OF CYCLES IN ONE BLOCK 7406,500
TOTAL NO, OF FLIGHTS IN ONE BLOCK 120.000
NO. OIF BLOCKS IN ONE DESIGN LIFETIME 2"-.000
NO. OF FLIGHT HOURS IN ONE DESIGN LIFETIME 6000.000
MAXIMUM PEAK STRESS OF THE SF'EC'tI-JM 3.' .'750
NO. OF STRESS LAYERS IN ONE BLOCK 204

UNSTABLE BREAK-THROUGH OF CRACK NO. 2 OCCURS AT
CYC = 0.0, STEP 36, BLOCK 1, DEPTH = 0.05000, AKMAXS= 52.24

83

S.*%I 4



TABLE 3.2.2-4. EXAMPLE 2, METHOD 2, RUN 2 OUTPUT F-LE (CONCLUDED)

***** D A M A G E G R 0 W T H H I S 0 R Y *****

BLOCK Ci C2 KMAX-CI KMAX-C2 DCI/DF DC2/DF INITIAl INITIA2
Ai A2 I<MAX--AI KMAX.,A2 DAi/IF DA2/DF KNi KN2

0.0 0.90100 0.05•000 49.490 41.685 .O000E+O0 .O00E#00 .259E+00 .000O. O00
0.1(8800 0.05000 0.000 52.244 .O00E+O0 .000E+00 .263E+1 . O6E+o0

1.0 1.21853 0.45006 67.8.69 63.073 .265E-02 .333E-02 .272E+00 .00OE+00
O. 18100 O.18800 0.000 0.000 .0OOE+O0 .115E-02 .263E+01 .00OE+00

UNSTABLE GROWTH OF CRACK NO. i OCCURS AT:
CYC = i .0, STEP = 34, BLOCK = 2, CRACK LENGTH = 1.37721, CKMAXS: 26.59

THE OTHER CRACK LENGTH = 0.53209
TERMINATE DAMAGE COMPLITAIION

RTTARDTION PARAMETERS AT THE TERMINATION OF CRACK GROWTH COMPUTATION
APACILI = .202E400, APCOLI = .189EfOl, RYAOL1 = i137E.-01, RYCOLI = .529E+00

AKOLI = .269E+02, CK.1 i = .966E+02, AOLI = .188E+0, CDLI = . 136E+Oi
APIAI. = .OOOF.+O0, AFC(IL2 = .763E+00, RYAOL2 = .000E400, RYCOL2 = .243E400

AYrIL_2 = .O00E+O0, CKOL2 = .655r.'02, AOL2 = -00E+00, CDL. = .520E400
RETARDATION PARAMETERS AT THE TERMINATION OF CRACK INITIATION COMPUTATION

DMGi = .277E+00, DMLO1.l =. 132-...04, DEL.DGi =.OOOE:+00
DMGn .=00E+O0, DMFOL2 -:.OOOE100, DELDG2 =.O00FO00
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TABLE 3.2.2-5. EXAMPLE 2, METHOD 2, RUN 3 INPUT FILE

AL .lI"L(- kRi N0. 2 SPLCIhEN SUB.JECIED TO kANDUMiZiD LOADING SPECIRUm
1324 IS SHEET

2.2374L 0" 0.70 3.3386 6.2126E 9 0.00 2.9783
116.00 36.0 53.0 2.0 2.3 0.99 -0.99

10.426 ".366 0.087 10700.0 0.022 1.000 1.0 1.0
0.( , .1 8.1Q0 0.180 0.188 .0000 0.000 0.000 0.00o

"0. VoOOE 09,00. 7630L' 000. 000%E+000. 24301 '000. O000L+0,)0. 6550i #020. o0001 # 000. 5200E+00
0. 0000 •0,0. O000of 000. 0000F +000. OGOGE i 000. 0000E +000. 0000E *000. 0000E +000. 0000E +00
0.2 10 '0.000. 1320V -040.00001+000. O000E *000. (O00014 000. 0000E+00

O.1O8 0.1250 8.18 9.82 0.00000 .00000 99.900 50. 1.00
0.0000 0.1,250 0.00 1.64 0.00000 .00000 0.00000 .00000
0.000 0.0000
i 34 1 1 1 100 1030 1050
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
120.0 "!5.o 6000. 1

TABLE 3.2.2-6. EXAMPLE 2, METHOD 2, RUN 3 OUTPUT FILE

wvv*w DETAILED DAMAGE GROWTH ANALYSIS PROGRAM 1) A M" C R fl

EXAMPLE RUN NO. 2 SPECIMEN SUBJECTED TO RANDOMIZED LOADIN', SPECTRUM

* THIS ANALYSIS RESTARTS WITH THE STRESS SPECTRUM AT STEP 34 *

NO. OF SITES TO BE ANALYZED CRACK GROWTH = 1; CRACK INITIATION = i
CORRESPONDING DAMAGE CODES CRACK GROWTH = 1030i CRACK INITIATION = 1090

LOAD INTERACTION : GENERALIZED WILLENBORG ET AL---CHANG MODEL

MATERIAL : 2024- T3 SHEET
WALKER EQ. CONST. (+R) C = 0.224E--08, M =0.700, N =3.339
WALKER EQ. CONST. (--R) C" 0.621E-0R, M =0.000, N =2.978
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT--OFF RATIO = 2.300
+R CUT-OFF = 0.9900, -R CUT,-OFF = --0.9900
YIELD STRENGTH 53.000
ELASTIC MODULUS 0.i070E+05
FL. STRESS FRACT. TOUGHNESS = 116.00
PL.. STRAIN FRACT. TOUGHNESS = 36.00
DAMAGE INDEX FOR CRACK INITIATION 0-R 9.07
NEUBER MATERIAL CONSI. = 0.022
CFRACK INITIATION EQ. CONST. : SF - 10.426, M =.-.366

STRESS SEVERITY FACTOR PARAMETERS
ALPHA = 1.0000, BETA 1.0000, GAMMA 1 1.00)0

S'FtCIFTFD DAMAGE CONDITIOINS

INITIAL CRACK L.ENGVTH OF CRACK NO. 1 . 0.53200
FINAL CRACK LENGTH OF CRACK NO. I 8.,10000
INITIAL CRACK DEFPTH OF CRACK NO. 1 0.18300
F INAL CRFACK DEPTH OF: CRACK NO. i 0. 1 .8000
INI TIAL CRACK LFNGTH OF CRACK NO. 2. 0. -0)000
F'[ AL. CRACK IFENG1II OF CRACk No. 2 0.00000
INITIAl, U:RACV OFPTH (IF CRACK NO. 2 0.00000
FINAL CRACK iFPTH OFU CRACK NOI. 2 0.00000

'ARAMETEP,• FROM FRE VI(UJS CRACK GROWTH HIS,'i(PY -
APAOL I ' .122E 77, Ar'COI.1 = .763E+ 00, RYA(JI = .oOoro00O, RYCIL.i - .24r1`400

AKO! I - . 00F '00, KUIF i f -6 '0,1, Aol t = . oo0 r 0oo, 0IL-I = .5 ",TF[-00
APAOI..2 .0001. 00, AF'COL. = .0or40(0, RYAOL2 .-= .O000O400, RYCOL." .00o- .#,.0

Ale III. :2 .O00 E "0, CK(II? 0 : . GOOF+.00, AOL?2 = .00-1 o00, COlL.. .000"1 00
PARAMETERS FROM PREVIOUS) CRACK TNIIT[AY 1'0tl4 HI STORY

D)M1;I .27E7 ,-"), DMIJII .731.17-04 , Dr I r% i .: OOOF:,-o
( I: .o )l '0, DMI;(I. ', .O 1OF '00, Pr L ', ['.II)

85

•.. .'•...•. - ." • :- ., .-., -• .. .,,,. v ,•,." .',.• .',..- .,"..",,',,,.%• _..,....'..',,.'.."-.''<> ?,",'L ',•.",",•:."..',..',<; L..i..v:,",,% ".",< ' *1



TABLE 3.2.2-6. EXAMPLE 2, METHOD 2, RUN 3 OUTPUT FILE (CON-T.)

COMFI3NF NT ;FO)MV7TRY
THWKVNE-S 0*' ji: Fl..ATF .: 1 f 11j0 o

R.ADIUS' Of- MID. 1101E 0. 2500
F'i 1I0 OF I". t. 0 IT ILNG14TH I0 HOL 1)1AMVT FýR, E:/1) 99 . (8/999
D I sT A N CE vurtEE'N MIrD. ()E ND R .11... EDGI7 f. 1. 18000
I)I..' ANCE DL BEWEEN MET ). HOLE ANT) L j. H.. EDGE. 9.0 h2 00 0
Ff.-ACTION Of" I.-OoD TRANSr-LR B( MID. pOil..U 0.00000o, 0.00000
RAD~oTIJ.! OF I HI:E .-1-7. HOLE. 0.00woo
ID1 2,TANCF PliiWEE N MT P. AND R H. . HOI r .ooo000
f RAEj', ):ON OF7 LOAD TRANSFF R BY R .H.S. WLllT 0.00000, 0 .00000
RADIUIS OF 'r.HE LJI.S.. HOLE -0. 12500
DTSI ANCE PETrWE:EN MID. AND L.H.S. HOLE S 1 .64000)
FR.-ACTIO.N OF LOAD TRANSFER BY L.11.S. P11011 - ok000 0.00000
r'F::Pr;cE:NTAGEr. OF C;OUNTERSI NK DEPTH W . R. I IH ICKNI..:&S .
STP.CS -Vt pOENTA -0 4ET I ~UI1. IN . 00
F'ASTFNER, HEAD Or-. COI LAP, FR ICT ION S~E0. W000
FAYING 5L.IFTFACT: FRICTT0N STI:,FSý 0.0000

STRE'SS .Sr:FCTRIIýJM
NO,. OF BLOCKS FE: TE D F'OFl ANAl .YIg 100
TOClTA L NO0. 01f (Y CL E S I I" ON[7Fj I ()(I(I' I A1 . '00

TOTVAL NO. ("i FI.I;HTS IN 081ý, w0 111

00. OF 14 OCIS it, '~iqi .1 U N 1 0:1.I I IME : ..
NO. OF' FL. I (.1 110 iN ONF Dl'S I h I ] FF:T IME '000o.0
MAY IMUM FT o' 511`1 ( 1 T11: 3lII1A 5. 1
NO. Or STRE SS LI( I N 081:. 1(..l'4
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TABLE 3.2.2-6. EXAMPLE 2, METHOD 2, RUN 3 OUTPUT FILE (CONCLUDED)

I) AM A GE G RO0w 1IT H I SrO0R Y 0v

BLOCK C C2 KMAX C1 KMAX-- -2 DICi /1) F" . DC2/ Ii" ) TIAI INTI To.2
Al A2 KHAX-Ai KHAX"A2 DA I /D17 10'2/O:F KNI HO?

0.0 0.53'200 0.D0000 77.318 0.000 .000E O' .0 r),.)O 4 00 .2)I E.+00 .0,1E 4•00
0. 18000 0. 0000" 0.00'.) 0.000 .000E+00 . 1- 4()0 00 . #5461C0i .'-0")

CRACK INITTArTTON FfiR LOCAlTIN i OCCURS AT
YC. y 2 "., .00, 0 sTEtr = 96, BLOCK =

Cr'ACI< Lt;NG'THlS AT THE TERMINAT]O1 (1I-" CRACK INIT IAT ION COW I'ITATION
Cl - I . 04AtI, Al 0 I' 0 , 07 C2 0,000 ,0 A2 ... 0.00000

RETARD'TTON F'ARAME:TERS I AT HF141: TERM)]NATION OF CRACK (,ROW1TH COMFUITATION
AIAOLI .122 -. , AP'COL. = ,l29E+0 , IR" IOI. ý, -400, RYrOi = .. ':M!+00

AKILi = .oo000rC. 06, CKOLt1 .666E+02, AOLI O 'oo0o0, CLO.1 = 14OV'01
APAOL? -- .OOOE+00, ARCOL2 = .O00E+, RYAOL.2 OOOE400, PfCTI.2 - .00l1O7+00

"AKOL2 = .OOOE'00, CKOI..2 = O00EO0, AOL-, ' '•'0 . = .()60E400)
RETARPATION PARAMETII PS AT THE TER MINATION () F CR:'ACK INIT TIEA N C(OMP0I AT I fll

D1.1G' = .,V79f 400, I)MGC'LI =. 7OOE-.02, DELDL i =.574E 02
T)MG2 .0001.400, DMGOL.2 =.oo00Eo0, I)EI.DG2 :.0001*00
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TABLE 3.2.2-7. EXAMPLE 2, METHOD 2, RUN 4 INPUT FILE

E F '.x I.i. riIN NOi. 2 S•'FL IiMEN SLE:.ll-IDE TO RANDiJMIZED LuADING SFECTRIM
"J24- 1`3 !HEIA

2.2374k 09 0.70 1 3386 6.:"1.16F y 0. O 2.9 783
i16.00 36 0 '13 .0 2.0 2.3 0.99 -0.99

10.426 -. 366 O.887 10700.0 0.022 1.000 1.0 1.0
1.044 8.180 0. id - .188 .0500 (.i00 0.050 0.188

0. oO0
1
M[ 100. 0 290E u 3 (.0. 014 0u0 "9101O000. OOOOE .O000. O0iE+ OvO. O0'C001 oO. OOOOE '00

0. 0000E+ObO. 0o00 ,0(00. 0000 +000. O00E 40O00. 0000+000. )0OOE +000. 0.300V4 000. OOOOE+00
0. 81901 f ovO. Z800 -0,0.5 140E -0200000. F 000. O0OOE4 000. 0000f+00

0.18u 0.1250 8.18 9.82 0.00000 .00000 99.900 50. 1.00
0.0000 0.1250 0.00 1.64 0.00000 .00000 0.00000 .00000
0.000 0.0000
i '06 2 0 1 100 1050 -).'o
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1.10.0 25.0 6000. 1

TABLE 3.2.2-8. EXAMPLE 2, METHOD 2, RUN 4 OUTPUT FILE

***** DETAILED DAMAGE GROWTH ANAL.YSIS PROGR'AM D A M G R 0

FXAMPlFr7 RUN NO. 2 SPECIMEN SUBJECTED TO RANDOMIZED LOADING SPECTRUM

THIS ANALYSI.' RESTARIS WITH TIlE: STRESS SPECTRUM AT STEP 96 N

NO. OF SITES TO P4E ANALYZED CRACK GROWTH = 2; CRACK INITIATION = 0
CORP'FSrONI)ING. DAMAGE CODES CRACK GROWTH = 1050; CRACK INITIATION = 0

LOAD INTERACTION : GENERALIZED WILLENPORG ET AL---CHANG MOFEL

MATERIAL : 2024-T:3 SHFET
WALKER EQ. CONST. (4R) C = 0.224E--.00, M =0.700, N =3.139
WAIIEER E(Q. CONST. (-R) : C = 0.6.tr-08, M =0.000, N =2.178
MAX. K FOR DC, )N fHR[:HOLI) = 2.000
RETARDATION XHUT-OFF RATIO :, 2.300
#R C.i. OFF z 0.9900, -R CUT-OFF = -0.9900
YIELD SIRENGTH 53.000
E:LASTJC MOI)ULIVJS 0.1070r.105
FL. STRESS FRACT. TOIIGIINESS m 116.00
F'L.. STRAIN FRAC T. T OI•GHINE SS = 36.00
DAMAGE INDEX FOR CRACK INITIATION - 0'.Nt-37
NFlIlEF. MATER:IAL CON.,T. = 0.022
CRACK INITIATIION EQ. C N.S". F.5 ::: 10.426, M ... 36)
STRESS SrEVRITY F:ACIo!, PARAMET ,.:'

ALPHA 1: i.0000, FirTA i.0000, GAMMA = 1.0000

SPECIF[F'D DAMAGE CONDITIONS:
INTTIAl crL.CACK LFNG'TH (I'F CRACK NOl. 1 1.04400
FINAL CRACK L.IIGH TO.Fr CRACK NO. 1. 0i0F0()0
INITIAL CRACK DEPTH OF (;RACK NO. 1 0. 1 :1000
FINAL CRAIt<V DEPTH Or ('RACK NO. 1 0. 181:100
INITIAL CRACK L.NG'III OF (kRAlK NO. 0. 0'(,'00
FINAL CRACK L..ENG TH OF CRACK NO. 2 a. 10000
IIJITTAL CRACK D"EPTH OrF CRACK NO. 2 0. 01400
I INAL rRACK wI)' THl OF CRACK NO. 2 : 1.811.;1100

F'PAMETERS FROM PREVIOUS CkAofK .(.RWIH 141 'T101,:f
APA!L I = .127E-77, AFCOI-.I = :I :t f i , RYA0L. I =. 00AF-40! , RYCOI I = .... !-1

A I'I)Li .000E. 100, CI.OLI #" .61 .0.1, AP .l i = .0,""•6F . 0, COll 1 = . W! *'1

ArtAOL.2 = .000 '7400, ATC"OL'2 = .O r1* O0 , RYAO I-' = . 0o,0 # 00i, RY:Y.Il ?' = .O(0n ()0
AK III. - .0001 f"No, CI1:I0L.2 0 .,'oo- .,)o , Al " . #oo'r .00,COI.. : .000!1 •0

F'rFRAMr I E R FROIM 4Ir;r vioiJ.n ' mRACI 101 1TI AT I 1N H I.-I TFRY
vMGI n7.79?r-0f, DM(: lL.. i o -. ,mi .--, Dir l %.,4 .l.)

1 1I -. ' t f ~0 D 0 10(, . j I00. I'LA It I..,.
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TABLE 3.2.2-8. EXAMPLE 2, METHOD 2, RUN 4 OUTPUT FILE (CON'T.)

COMPONENT GEOMETRY
THICKNESS OF PLATE 0.18800
RADI!I:'," OF MID. HOLE 0.12500
RATIO OF FLATE LENGTH TO HOL-E DIAMETER, E/D 99.s99917
DISTANCE PFTWEEN MID. HOLE AND R.H.S. EDrtL: 13.11300,1
DISTANCE PLTWFFN MID. HOLE AND L.H.S. EDGE 9.82000
FRACT ION OF LOAD TRANSFER BY MID. EOL.T 0 00Ok•"), 0.00000
RADIUJS OF THE R.H.S. HOLF : 0.00000
DISTANCE T4FTWEFN MID. AND R.H.S. HILE.F 0.000o0"
FRACI[.ON OF LOAD TRANSFER BY R.H.S7. BOLT 0.000(.0, 10.00000
RADIUS OF THE L.H. F. HOI.E : 0.1250o)
DISTANCE BF.rWEEN MID. AND L.H.S. HOLES 1.64000
FF'AC11ON OF LOAD TRANSFfR BY L.H.S. EBIL.T (0.00000, 0.00000
PERCENTAGE OF COUNTERSINK DEPTH W.R.T THICKNESS 50.0
STRESS CONCENTRATION DUE TO PIN DEFLECTION 1.00
FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
FAYING SURFACE FRICTION STRESS 0.0000

STREST SrFECTRUM :
NO. Ot BLOCKS SPECIFIED FOR AINALYSIS IK'0
TOIAL NO. OF CYCLES IN ONE BLO•K 706. , 5 0
TOTAL NO. OF FLIGHTS IN ONE BLOCK 1 20. 00
NO. Of BILOCKS IN ONE DESIGN LIFETIME
NO. or' FLIGHT HOIU.R'S IN ONE DESIGN I TFETIME 60)0.00')
MAXImULM FEAK .STRCSS OF THE SPECTRUM 375.730
NO. OF STRESS LAYERS IN ONE BLOCK 204

UNSTABLE BREAK-THROUGH OF CRACK NO. 2 OCCURS AT
CYf' = 0.0, STEP 96, BLOCK 1, DEPTH 0.050A0, AKMAXS- ;5.65
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TABLE 3.2.2-8. EXAMPLE 2, METHOD 2, RUN 4 OUTPUT FILE (CONCLUDED)

,D**** D A M A G E G R 11 W T H H I S T 0 R Y ***X***

BLOCK Cl C2 KMAX-CI KMAX-.-C,2 DCi/DF DC2/DF INITIAl INITIA2
Ai A2 KMAX-AI KMAX-A2 DAI/DF DA2/P'F KNI KN2

0.0 1.04400 0.05000 03.509 60.363 .000E400 .00O0E+00 .079F+00 .O00E#00
O.10800 0.05000 0.000 7,.652 .OOOE+4O .00E+00 .OOOE+00 .OOOE400

UNSTABLE GROWTH OF CRACK NO. 2 OFCURS AT.:
CYc 1.0, STEP - i, BLOCK = 2, CRACK LENGTH = 1.42785, CKMAX57ý116.00

lHE OTHFR CRACK LENGTH = 2.22758
TERMTNAIE DAOMAGE COMPUTATION

1.0 2.20552 1.22989 112.207 113,402 .96BE--02 .983E-.02 .879E+00 .000E400
O.i8800 0.1iBO0 0.000 0.000 .OOOE4O0 .ii5E-02 .000E+00 .OOOE+00

RFETARDTION PARAMETERS AT THE TERMINATION OF CRACK GROWTH COMPFUTATION
APAOLI - .122E-77, APCOLI - .. 786[+01, RYAOI_- = .000E+(0, RY(20Li = .634.100
AKOLi = .OOOE+00, CKOLi = .i0,E+.03, AOL.i = .00.OL+rO• , COLt = .223-401

APAOL2 = .O00F+00, APCOL2 ."09F+0i, I-YA0.2 = .,OOF.tO0, RYrOI.2 .672F+00
A•OL2 = OOOt4OO, CVUL.2 o('[::+03, A0L..2 = .O000F#00, C... .2 .14iE40)

RETARDATION PARAMFTFRS AT THE Ir,'kMINATION OF CRACK INITIATION COM'PUTATION
DMGi = .879E+00, DMGOl.1 =.;'POE-.02, DELDG1 :.574E o'.
DMG2," .000[+00, PMGOL2 =.OOOE400, DELDG2 r-.O,00E4-,'
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EXAMPLE 3: STRINGER SECTION SUB8ECTED TO CONSTANT ANPLITUDE LOADING

GEOMETRY:

2.250 8

.188

MATERIAL:

2024-T351 EXTRUSION FLTAW
I 0.050 X 0.050

LOADING SPECTRUM:
.500 *-. ----- t.640 - •= • .500

CONSTANT AMPLITUDE

nmax - 17.0 KSI
0 min - 1.70 KSI

REF. PAGES 92 THROUGH 107
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TABLE 3.3.1. EXAMPLE 3, METHOID I SUMMNARY TABLE

REF. PAGES 93 THROUGH 99

a12  0 l1 1 0

a1c 2 a3 a4 LIFE ROUTINE RUN
(IN) (IN) (IN) (IN) (CYCLES) GRWHNO.

.050 0 0 0 0 2020 1

.056 0 0 0 2020 2020 1

.066 0 0 0 4000 2020 1

.080 0 0 0 6000 2020 1

.101 0 0 0 8000 2020 1

.131 0 0 0 10000 2020 1

.181 0 0 0 12000 2020 1

.248 0 0 0 14000 2020 1

.336 0 0 0 .16000 2020 1

.447 0 0 0 18000 2020 1

.567 0 0 0 20000 2020 1

.700 0 0 0 22000 2020 1

.873 0 .265 0 23818 2050 2
1.089 0 0 25818 2050 2
1.396 0 .304 0 26139 2050 2

NO. OF CYCLES TO FAILURE -26,139 CYCLES
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TABLE 3.3.1-1. EXAMPLE 3, METHOD 1, RUN 1 INPUT FILE

EXAFItI[ NOl. 3 STRINGER SF'LCIMEN SUIbJICTLD TO CONSTANT AMLITUDDL LOADING
."ta24-T351 r x US•I ON
0.1600E 09 0.65 4.554 0.230E-0OI 1.00 3.115

58.00 36.0 53.3 2.0 2.3 0.99 -0.99
10.4260 -. 3660 0.872 10700.0 0.022 1.0 1.0 1.0

.050 1.390 0.050 0.e88 0.000 0.000 0.000 0.000
O.OOOOE+000.OOOOEtOOO.OOE00E+O0.OOOOE+000.0000.00.OOOOE+000.000OE+000.OOOOE +00
0.OOOOE-000.0000E+000.000EO+000, 0. O00E000. 0000E000. 0000E000.00000Et+00
O.OOOOE+000.0000E+000.OOOOkE+000.OOOE-000.OOOOE .000.O000E+00

0.188 0.1250 2.14 0:500 0.00000 0.00000 99.9999 0.0 1.00
0.1250 0.0000 -1.640 0.000 0.000 0.000 0.000 .00000
0.000 0.0000
0 00 1 0 0 1O0 201 0000

1.226 1.414 0.462 1.000 0.2658 .0000 0.0000 0.000
000.0 00.0 00000. 1

TABLE 3.3.1-2. EXAMPLE 3, METHOD 1, RUN 1 OUTPUT FILE

*... DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 ****

EXAMPLE NO. 3 STRINGER SPECIMEN SIF:JhCTED TO CONgTANT AMPLITUDE LOADING

* THIS ANALYSIS STARTS AT THE BE4GINNING OF THE STRE.'-S SPECTRUM *

NO. OF SITES TO BE ANALYZED CRA(K GROWTH = i; CRACK INITIATION = 0
CORRESPONDING DAMAGE CODES CRACK GROWTH = 2010i CRACK INITIATION = 0

LOAD INTERACTION NONE

MATERIAL : 2024-T351 FXIRUSTON
WALKER EQ. CONST. (+R) C - 0.160F-O9, M =0.650, N =4.554
WALKER EQ. CONSI. (-R) C = 0.?30E-08, M =i.000, N =3.115
MAX. K FOR DC/DN THRESHOLD = 2.000
RETARDATION SHUT.OFF RATIO - 2.300
+R CUT-OFF = 0.9900, --R CUT OFF = .0.9900
YIFLD STRENGTH 53.300
EtL¢,ASTIC MODULUS - 0. 0.O70+05
PL. STRESS FRACT. TOUGHNESS = raoo.00
PL. STRAIN FRACT. TOIJGHNESS = 36.00
DAMAGE INDEX FOR CRACK INITIATION =- 0.07:1
NEUBER MATERIAL CONST. = 0.022
CRACK INITIATION EQ. CONS". sr - 10.426, M .-. ;)6
STRESS SEVERITY FACTOR PARAMETFRS

ALPHA = i.0000, BETA = 1.0000, GAMMA = i.()000

SPECIFIED DAMAGE CONDITIONS
INITIAL CRACK L ENGTrI OF CRACK NO. 1 0.05000
FINAL CRACK LENGTH OF CRACK NO. 1 1 . Q000o

INITIAL CRACK DEPTH Of CR;.ACK NO. 1 0.01i000
FIN16l CRACK DEP'Thl OF CRACK NO. 1 0. 1800
INITIAL CRACK LENGTH OF CRACK NO. 2 0.000on
FINAL CR'ACK LENGTH4 OF CRACK NO. ? .. ) , ),I
INITIAL CRACK DELPIH Of CI:ACK NO. 2 on,0000
FINAL CRACK DEPTH Ori CPACK Nil. ? 0.0000)
PAC'AMFTFRS FROM r'R'VI (lfli' CRALI- (,RLI, O III =1 ' tiiRY

APAOI. ,- .000E4100, A COIl 1 J .00E:#00, RYAO 1 .i ",AE()F 00, RYC(1Lt I .O..'F ',0
AKOL 1 .000( 4,10, CK!1I. i 60J ., n(.0 , AL 0 "1 . 0 001.E 00, f((It.1 - .06. *',0

A O'All2. - . 000t' 00, Af'C"(I 2 - .0 OF #Of), FOYaA1L? " .,,-,,00 00, RYfOI 2 - .o, ,,r ('.
AVU01 -: .0001 Ion, 1I. I 2 ,''I( i) 400, Ail 2 .601'I 400, I(01-1 -, . -'1' .0 1

r'AFRAMI TfRs FROM r'I.'fVIfISIT (RA1CK IN I EAT ION Ill.7 TORY
I ,MGI - .000• In0 , DM1,(11. I - .Of1,.' (00, PEH h. I.1 i . ),)(4r tno
DMG;' .O00 40(), I)MG')l - .0 ,,1 1'0, DI r r.2 " ,. 4,0
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TABLE 3.3.1-2. EXAMPLE 3, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

COMPONENT GEOMETRY
THICKNESS OF PLATE 0.18800
RADIUS OF MID. HOLE 0.12500
RATIO OF' PLATE LENGTH TO HOI E DIAMETER, E/D 99.99989
DISTANCE BETWEEN MID. HOLE AND R.H.S. ED',E 2.14000
DISTANCE BETWEEN MID. HOLE AND L.H.S. EDGE 0.50000
FRACTION OF LOAD TRANSFER BY MID. BOLT 0.00000, .000oo0
RADIUS OF THE R.H.S. HOLE 0.12500
DISTANCE BETWEEN MTD. AND R.H.S. HOLES 1.64000
FRACTION or LOAD TRANSFER BY R.H.S. BOLT 0.00000, 0.00000
RADIUS OF THE L.H.S. HOLE : 0.00000
DISTANCE BETWEEN MID. AND L.H.S. HOLES 0.00000
FRACTION 01 LOAD TRANSFER I4Y L.H.S. BOLT 0.00000, 0.00000
PERCENTAGE OF COUNTERSINK DEPTH W.R.T THICKNESS 0.0
STRESS CONCENTRATION DUE TO PIN DEFLECTION 1.016
FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
FAYING SURFACE FRICTION S'RESS 0.0000

USER DEFINED VARIABLES :
VARIABLE I 1.2260
VARIABLE 2 1.4140
VARIABLE 3 0.4620
VARIABLE 4 1.0000
VARIAPBL.1 5" 0.2656
VARIABLE 6 0.0000

-VARIABLE 7 0.0000
VARIABLE 8 70.0000

STRESS SPECTRUM
NO. OF BLOCKS ,SPEfCIFIEDF FOR ANALYSIS 100
TOTAL NO. OF CYCLES IN ONE BLOCK 2000,000
TOTAL NO. OF Ft. IGHTS IV ONE BLOCK 0.000
NO. OIF BLOCKS IN ONE DV..IGN I IFFfIME (0.000
NO. OF FLIGHT HOUR.FkS IN ONE ILSIGN LIFETIME 0.000
MAXIMUM PEAK STRESS OF THE SPECTRUM 17.000
NO. or STRESS LAYERS IN ONE BLOCK

STRES LAYERS IN ONE BLOCK C"
STEP SIGMA-MAX SIGMA.-MIN cYCL .. S yTE", :T.MA--MAX SI(MA-MWN CYCI.[

17.000 1 .7(0 1000.000 2 1:.000 1.7)0 1000.0',
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TABLE 3.3.1-2. EXAMPLE 3, METHOD 1, RUN 1 OUTPUT FILE (CON'T.)

D A M A G E G R 0 W T H H I S T 0 R Y ***-***

BLOCK Ci C2 KMAX--CI KMAX-C2 DCI/DF r2.2/DF INITIAl INITIA2
Al A2 KMAX-Ai KMAX-.A2 DAI/DF DA2/DF KNI KN2

0.0 0.05000 0.0000O 8.892 0.000 .OOOE+00 .OOOE,00 .O00OEO0 .O00OC0
0.05000 0.00000 11.144 0.000 .O00E+00 .O00E400 .000E+00 .OOOE+00

1.0 0.05629 0.00000 9.9,fwl 0.000 .3i5E--05 .O00E.00 .OOOE+00 .O0(E+00
0.06504 0.00000 11.627 0.000 .752E-05 .000E400 .OOOE+00 .00((E+O0

2.0 0.06611 0.00000 10.802 0.000 .491E-05 .00F4)O0 .000[-+00 .o000f+O0
0.08344 0.00000 12.171 0.000 .920E-05 .000E+00 .O00E+00 .O00E4O0

3.0 0.08041 0.00000 11.684 0.000 .715E-05 .O00,EO0 .O00E+00 .0001+00
0.10629 0.00000 12.774 0.000 .114E--04 .0001400 .00O400 .000E+00

4.0 0.10084 0.00000 12.647 0.000 .i02E-04 .O00E.00 .O0OE+00 .000+00
0.13484 0.00000 13.415 0.000 .143E-04 .O00OE00 .000o:+00 .000E+00

STABLE BREAK-THROUGH OF CRACK NO. i OCCURS AT :
('YC= 887.0, STEP = 1, BLOCK = 6, CPACK DEPTH = 0.18911

CRACK DEPTH IS SET EQUAL TO PLATE THICKNESS 0.1880 INCHES

5.0 0.13082 0.00000 13.827 0.000 .150E-04 .00017+00 .OOOE+00 .O00E+•00
0.17055 0.00000 14.098 0.000 .179E-04 . O00oo" 00 .O000+00 .000F+"0

6.0 0.18029 0.00000 15.384 0.000 .247E-04 .ooor 00 .OOOE400 .000E400
O.Io8O0 0.00000 0.000 0.000 .873E-05 .0001*400 O00E+00 .000E40.)

"7.0 0.24819 0.00000 16.248 0.000 .340E-04 .0001 ,00 .0001:+00 .000E,00
O.18J00 0.00000) 0.000 0.000 .OOOE+00 .000('400 A00E+0o .00)E+00

8.0 0.33618 0.00000 17.216 0.000 .440E-04 .000[+00 .000400 .00'E+00
0.18900 0.00000 0.000 0.000 .000E+00 .0001'00 OOOE400 .000F+00

9.0 0.44788 0.00000 17.947 0.000 .558E-04 .00L)F-00 .000O400 .000E400
0.18800 0.00000 0.000 0.000 .O00E+00 .A00f-+00 .000400 .0%0F'400

10.0 0.56758 0.00000 17.771 0.000 .599E-(04 .00EF+O0 .0001-00 .000114,10
0.18800 0.00000 0.000 0.000 .OOOE+00 . '"OF+00 .00O(00 .o000F'00

11.0 0.70011 0.00000 18.917 0.000 .663E-04 .(,0"'4010 .0001:foo .OOF-4O0
0.18800 0.00000 0.000 0.000 .000o00 .C.00[fo0 .0001+00 .000[400
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TABLE 3.3.1-2. EXAMPLE 3. METHOD 1, RUN 1 OUTPUT FILE (CONCLUDED)

CRACK NO. i EXCEEDS APPLICABLE RANGE OF SUBROUTINE K2010 AT
CYC = 878.0, STEP = 2, BLOCK = 12

CHANGE TO K2050 OR K2060. TERMINATE COMPUTION

CRACK LENGTHS AT THE TERMINATION OF CRACK INITIATION COMPUTATION
Cl = 0.87354, Al = 0.18800, C2 = 0.00000, A2 = 0.00000

RETARDTION PARAMETERS AT THE TERMINATION OF CRACK GROWTH COMPUTATION
APAOLI = O00E+00, APCOL1 = .OOOE+00, RYAOLi = .O00E+00, RYCOLI = .OOOE#00

AKOLI = .O00E+00, CKOLi .00OE+00, AOLI = .O0OE+00, C01,I " .0001 f 00
APAOL2 = .OOOE+00, APCOL2 .OOOE+00, RYAOL2 = ,OOOE+00, RYCOL.2 = .00+0[400

AKOL2 = .OOOE+00, CKOL2 r. OOOE÷00, AOL2 = .OOOE+00, COL2 .OOOE+00
RETARDATION PARAMETERS AT THE TERMINATION OF CRACK INITIATION COMPUTATION

DMGi .OOOE+00, DMGC)Li =.OOOE+00, DELDGi =.00taE400
DMG2 = .O00E+00, DMGOL2 =.O0OEfO0, DELDG2 =.OOOE+0O
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TABLE 3.3.1-3. EXAMPLE 3, METHOD 1, RUN 2 INPUT FILE

w

EXAMPLE NO. 3 MThIN(,ER SPECIMEN SUBJECTED TO CONSIANT AMLITUDL LOADING
"2024-T351 EXTRUSION
0.1600E-09 0.65 4.554 0.230E--08 1.00 3.115

58.00 36.0 53.3 2.0 2.3 0.99 -0.99
10.4260 -. 3660 0.072 10700.0 0.022 1.0 1 .0 1.0

.866 1.390 0.188 0.180 0.265 2.250 0.18,1 0. 88
(..0O0EO000.000OE *000.O00OEt000.O0000E 000.0000E+000.0O000E4-o0.0000C~000.0000L+00
0.0000E--000.0000E+000.0000E+000.OO)QOE4000.0000E+000.00O0E+000.0000E+000.0000E.00
O.OOOOE+000.OOOOE+000.OOOOE+000.OOOOE-000.00OOEIOO..00.00O00

0.188 0.1250 2.14 0.500 0.00000 0.00000 99.9999 0.0 1.00
0.1250 0.0000 1.640 0.000 0.000 0.000 0.000 .00000
0.000 0.0000
0 00 2 0 0 100 2050 0000
2.256 0.000 0.581 0.416 0.289 .0000 O.1880 0.000
000.0 00.0 00000. 1

TABLE 3.3.1-4. EXAMPLE 3, METHOD 1, RUN 2 OUTPUT FILE

DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 ***.

EXAMPLE NO. 3 STRINGER SPECIMEN SUBJECTED TO CONSTANT AMPLITUDE LOADING

* THIS ANALYSIS STARTS AT THE BEGINNING OF THE STRESS SPECTRUM *

NO. OF SITES ro BE ANALYZED CF'ACK GROWTH = 2, CROCK IITTIATION - 0
_CORRESPONDING DAMAGE CODES CfACK GROWTH = 2050; CRACK INITIATION = 0

LOAD INTERACTION NONE

MATERIAL 2024--T351 EXTRUSION
WALKFR EQ. CONrT. (+R) C " 0.160E 09, M =0.650, N =4.554
WALKER EQ. CONST. (-R) C = 0.230E-08, M =11.000, N =3.115
MAX. K FOR DC/DN THRFSHOLD 2.000
RETARDATION SHUT-OFF RATIO = '.300
4R CUT OFF = 0,9900, -R CUT OFF = -0.9900
YIELD STRENGTH 53.300
ELASTIC MODI.ILU•' 0.i070rf*#0
PL. STRESS FRAC.T. TOUGHNF SS = 58.00
FL.. STRAIN I'RA(CTI. TOUHNFSS = 36.00
DAMAGE INDEX (F: CI.ACK INIIIA IION 0.072
NEUF4R MATERIAl CONST. = 0.022
CRACK ]NITTArION EQ. CONST. S SF 10.426, M -......366
STRESS . E',EVFRITY FACTOR P'ARAMFTCRS

ALPHA = I .0000, PIETA = 1 .000o0, GAMMA -= i .0000

SpFCIFIED VAMA(,G CONDIT0INS
INITIAL r:RAKK I..[(NGTII or Cr.ACK orn. 1 0.06600
FINAL. CRACK LENGTH OF CRACI NO, i I .39000
INITIAL CRACK DEPIH OF CRAC(K No. I 0. 1 A1000
FINAL CRACK DIr'TH OF CRACV NO. i 0. 18800
INITIAL CRACK I.ENGTH OF CFACK NOl. 2 0. 2/1-00
FINAL CRACK LENGTH OF CRACK NO. 2 2. ;..•b )Q0
INIIIAL CRACK OFF'TH OF CRACK til, 2 0. 1 01()0
FINAL CRACK DEF'TH OF CRACK NO. -- 0.10so0
PARAMETERS FROM FR! VIOU, CRACK (,ROWTH HISTORY

AP'AOLI = .00-'E'00, APFCOI = .oOOfOo, RYAOLt . .oor-o0, RYC0OL01 .e,00O0
AKIOL I = . 000[0: #), ( nKOt i = . 'ooF#+00 , AULI - .00 ,,4 o) , O" i 0. . , 'o00

€AF'AOI.' :-000f-0-1, APCOL.! 4. 0'0), RYA60 2 . 0ooF (0, RPI'i 2 o .'¾ 1 o0)O
AKOL.2 = .O000O[ 00, CKOL2 =- 40 W ,), AMll. - .o00,[ )#no, 1r01l2 .,'o•(,of 0A

'"F' P'AMFTFRS FFR: M r r 'lPrvIn9.1 'IRACK INIT F, I fON III .'T(ORy
0MG " . OnOr n., I)MGO: i -:.(,oF * 00, Vr)l r.Ir,( . ooAr ()o0

; • . )0I0 , , D q': ;. '" , , r ,i r i,.' ." , ,
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TABLE 3.3.1-4. EXAMPLE 3, METHOD 1, RUN 2 OUTPUT FILE (CON'T.)

CO MPONENT GEOMETRY
THTCKNE'SS 1F' PL ATE 0.'18800
RADIUS. Or' MID. HoLLr 0.1,150.j
PATIO OF ['LATE LENJITH TO HOLE DIAMETER, [ID 99.999R9
D I,,T-ANCE PITTUFEN MID. HOLE AND) R.H.S. EDGE 2. 14000
D ISTANCE: fcETW[ [-N MID. HOLE AND) L.H.S. EDGE 0.50000
FrAU I I ON I IF 1, flAD I RANSEE[( BY MID. riot T 0.000 0.00000
R;OD ,iw us or, rmv.1 .. i HO)r. 125600
DIS,*TANCE fl TWI EN MID. AND P. H. . HOLVE I .640s9.)
FT'ACT [ON OF LOAD T'RANS'FER PY R.H.S. BOLT 0. 00000,. 0.00000

*RADnIUS o)E THE I H..HOLE :0.000-e')
DISTANCE. VETWE'EN MID. AND L.H.S. HOLES 0.00000
FR:ACTIONj AF [.D(,AT) TRANSFE-c-R T!Y F .H.S. BOL.T 0.00000, 0.0).,000O
PERCENTAGE OF COLJNTERS"INI( 'P [TI W .R. T THICKNESS 0.0
STRES'S CONCENTRATION DOE TO PIN DEFLECTIO]N 1i.00
F'ASTENER HEAD OR COLLAR FRICTION STR<ESS 0.0000)(
EVý.ING SulRFACE FRICT'ION .s'r<ESS' .o.

UM'rR PFFTNFD VARIABLE S
VAR lARLE 1 2 130

JV~r;:IAtL-E 20.0000
VAIABtLE 3 .510

V ARI ATLF 4 0. 4 160
VAN rlADI F 95 14;
VC( IRIAF!L F 6 0. 000f,
VART AriF. 7 0. 10:'.,)
VAR IABL F 0.000-1

t i*i r.*. VFFvrptjJm
NO, OF VIO(lKY VrItf'iFif D FOP-. ANmLYSTs 100
T11AL. NO. OF CY(A F-: IN ONE DtI0' V. 'n~n

At. NO. OfT r I. 1 (41.1' IN 001 T:I O)f K 0.000
Ni. OF (Ii TICKS It' l`iNE L'FSif,rJ 1 TI 1, 1 [Mr. 0.000
Nn. or I I GHlT IliITN 00f D)I .,' [N LI II UT I ME. 0. 000)
Mt-iV IMTIM FAX O :'Irr. I2 It [I 1 ErT 1 ITýIIM 1?. 0.
Nil i lr tI P S All P., IN (ON TI1 ()(- 2
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TABLE 3.3.1-4. EXAMPLE 3, METHOD 1, RUN 2OUTPUT FILE (CONCLUDED)

D A M A G E G R 0 W T H H I S T (IF" Y *b*****

PI. OCr( Cl C2 KMAX--CI K(iAX- C2 DCi /1DW D)C'!/IF INITIAl INITTA2
Al A2 KMAX-AI KMAX A2 DAI/DF DA2/DF Kri PfN2

0.0 0.ý16600 0.'?6500 1 . 2-2 1.3.435 .OOOE+O".) 0')OF.,') .,'"0F ,0) .0001 0-0
0. 18000 0. 1 10300 0.000 0.000 .000f 4 00 .OOOE: 00 .. ,E 400 .A0001 4 00

*JUNSTABLE GROWTH OF CRACK NO. I (OCCII[N.S ATC = ft61 .0, ST. = i, BtL.OK = 2, CRACK L[NGIH = 1 .39664, CRMAYAS'> ;.0.-,

THE OTHER (JACK LENGTH z 0.30423
1E.RMINJATE DAMAGE COMFUTATION

i.0 1.0:0907 0.30423 22.419 14.070 .1 i2E -03 .i96F -04 .0001+00 .060E400
0. I0900 0.18300 0.000 0.000 .000F+00o .OOE 4.00 .000'M-,fo0 . O fl',..)E f. 4

PL TAFP'D)TrI0t PAAAMCET[EI:: Al THF IFF M] NATi 0 N• fF (F A(Ck f'P0 WT I I CAiM P I TAI I1N
AIAOLI - .OOOE-400, ArF:nt-I .000f..400, % YAOI.0 I . 0001T #O0, I.:,(."(31, l = .000E+00

AKOL. I = . I- +00 , CKOLI : O001: 400, AOL I .000f:(7 , O r I = .)',[ 00
APAOL2 - .00OE#00, AFCOL2 . 000f. 0, f YAOI.2 . 0001 ,, - , (i. .,.DrOF "

,a [.2 " OOOL'0"Ef00, CKOL.2 000!- 4.00, A01.. 000E.#00 (it -• .,• 'l
RITARDAT ION I:"ARAMFTI.PF.: AT THE TERM'TNATION 01 ( RACK rMI II TIOT N CO(T(I I'IT AIIN

DMG1 = .000E.400, DýMGOLi .OOOE. f 00, 0I.: Df,. 1 .000ff 00
DM.2 .- .OF O0, DMG(L2 :- .00.O. 00, OFlOI, .000fI, (0(
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TABLE 3.3.2. EXAMPLE 3, METHOD 2 SUMMARY TABLE
(REF. PAGES 101 THROUGH 107)

a 2 al a4

a a a a1 2 3 4 LIFE ROUTINES RUN
(IN) (IN) (IN) (IN) (CYCLES) GROWTH INITIATION NO.

.050 0 0 0 0 2020 1010 1.056 0 0 0 2020 2020 1010 1

.066 0 0 0 4000 2020 1010 1

.080 0 0 0 6000 2020 1010 1

.101 0 0 0 8000 2020 1010 1

.131 0 0 0 10000 2020 1010 1

.181 0 0 0 12000 2020 1010 1

.248 0 0 0 14000 2020 1010 1

.336 0 0 0 16000 2020 1010 1

.447 0 0 0 18000 2020 1010 1

.567 0 0 0 20000 2020 1010 1
.700 0 0 0 22000 2020 1010 1
.873 0 .265 0 23878 2050 1010 2

1.089 0 0 25878 2050 1010 2
1.396 0 .304 0 26739 2050 1010 2

NO. OF CYCLES TO FAILURE 26,739 CYCLES
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TABLE 3.3.2-1. EXAMPLE 3. METHOD 2, RUN 1 INPUT FILE

I XAiit'LE NU. !I S.IRI NULI, •" F-'lIt IN S.IIH.J[I LID 10! (IN.Y. IArII AMII[ IFUE I OADIN6'•0:4-"1A5t EXTICUSION

0.1600E-09 0.65 4.,54 0.230E-00 11.00 3.1115
58.00 36.0 53.3 2.0 2.3 0.99 -0.99

10.4260 -. 3660 0.072 10700.0 0.022 1.0 1.0 1.0
.010 1.390 0.050 0.i3s 0.000 0.000 0.000 0.000

O000E -000. OOOOE #000. 0(WOE+0000. OOOOE4000. OWOOF *600. 0,OsuL -000. 0000++000. 0000E+00
0,0000E -000.OOOOE *000.000')E+O00.0000E+,O00.0000o[:+00.000+O1400.0000r+oo0000.000(,+00
0.0000E+O00.0000E,000.0000E+000. 0000 000.0000L 'O00.0000E+00

0.t88 0.1250 2.14 0.500 0.00000 0.00000 99.9999 0.0 1.00
0.1250 0.0000 1.640 0.000 0.000 0.000 0.000 .00000
0.000 0.0000
0 00 11 2 0 100 20io 10lo

1.226 1.404 0.462 1.000 0.2658 .0000 0.000 0.000
000.0 00.0 00000. 11

TABLE 3.3.2-2. EXAMPLE 3, METHOD 2, RUN 1 OUTPUT FILE

**0** DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 *V**%

EXAMPLE NO. 3 STRINGER SPECIMEN SIOJECTED T0 CONSTANT AMPLITUDE LOADING

* TILTS ANALYSIS STARTS AT THE BEGINNING OF TH. STRESS SPECTRLUM *

NO. orF SITES TO IEF ANALYZED CRACK GROWTH = ., CRACK INITTATINt =
CORRESPONDING DAMAGE CODES CRACK GROWiH = 2010, CRACK INiTIATION = 1010

LOAD INTERACTION : NONE

MAT[RIAL : 2024 T351 EXTRUSION

WALKER EQ. CONST. (+R) C = 0.160E-09, M -0.650, N -4.-14
WALKER EQ. CON'T. (-R) C = 0.230E-08, M =11.000, N =3.115
MAX. K FOR DC/DN THRESHOLD = 2.000
R<ETARDATION SIIIIT-OFF RATIO = 2.300
4-R CUT OFf = 0.9900, R CLT OFF" = -0.9900
YIELD STRENGTH 53.300
II..ASrTr M(ODULO.' 0.11070E,0•:
FUl. S.RES FRA, T. TOt.JGHNtF•".'2 583.00
i(1.. STRAIN FIRAI.T. TOIIJGHNt,".': - 34/,.00

DAMAGE INDEX FVIP CRACK IN1TIATION = 0.872
NEI.I'ER MATFRTAI CON.S!' . = 0..
I:RACK INTTIAIIrlrJ EQ. CONS.I . SF = 10.426, M -" .36/,
!.TRE.•S SEVrRITY FACTOR PAPAMETERS

Al.F'HA = 1.0000, BE.1A 1 .0000, GAMMA = 1.00,0

,TPECirTED DAMAGE CONDITIOlNS
JNTTIAI.. E7PACK LFNGTH Of CRACK Nil. 1 0.01;000
FINAL CRACV, I EN',,FH Of' CIA(I' t1`1. I I. 000
INITIAL (I'C(tCK DFPTH OF CIACK NIl. I 0. 0-ýnew
I INAL CRACK DEr'iH OF CRAI R NO. 1 0. 18fl(,,'
INITIAL CRACK I NI;TII OF I-'ACK NO. 2 0.0,JOAO

r INAL CRACL I. ! . or CR.. Nil. 2 '',
FNITIAL CRACK "III TH OF Cf PK NO. ? 0. AfhO,'l
fINAL CRACI DFr r II H r (J CRAl I Mil. 0. 00)00
F'AF;'AMVTFF;PS FROM F'REV I()J ' I'ACK I ROWTII II13STF'Y

AFIAOI -1 .00 F0 f00, AP 'III I .,)OOF !*00, I:r'(',11I 1 . (l0 1 ,.0, , I . 0 'o 1..
AKIll I .000F O00, CKfIl I W. t ')QO .0O, AOI. I .0'f ie '"0, I, (I1 ¶ ,

ArArnl.2 . o- . 0 , -Ar1'C 2 .,"0 01 0, RYALL.: - . 00.11 $*o,, Rýr"li 2 ( .A()- ,
AVOt.2 .01),'`f #-), C1<.... ... " 00l .1 • . (' 1-, , I 111 -, )

'ARAMI If"PF-I:IM r-RrVrolI •l RACK FM I FATTOIN III.IIIYI.Y
DO¢G I V'mGI,- , I[•I I :- ,,11 f 11 (,i+ W,l i -,¶ • . 0,, 1' ''(',
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TABLE 3.3.2-2. EXANPLE 3. METHOD 2, RUN 1 OUTPUT FILE (CON'T.)

COMFPONENT GEOMETRY
THICKNESS OF PI.ATE: O.iEs8O0

RADIUS Or MID. HOLE 0. 12500

RATIO OF FLAI I Fl.NGTH TO HOLE DIAMETER, FID 99.999'10

DIUTANCE IlETWCFN MID. HOLF AND F.H.S. EDI,F: 2 14000

DISTANCE BETWEEN MID. HOLE AND L.H. S. EDGE O"10000

FRACTION OF LtOAD TRANSFER 14Y MID. B01 T :0.0000, 0.00000

F'ADIUS OF THE R.H.S. HOL_ 7 0.12500

DISTANCE BETWEEN MID. AND R.H.S. HOLLS 1 .64000

FRACTION OF LOAD TRANSFEv: BY R.JI.S. 1POLT 0.000•0, 0.00000

RADIUS OF THE 1_.11.7. HOl 0.000(0"-

DISTANCE BETWEEN MID. AND HOL.. HOLES t)0.A000

FRACI ION OF LOAD TRASFI R WY L .1H. 9. 0I,.T 0.00000, 0.00000

PERCENTAGE OF COIIINTI!RSINV DEFTH W.R.1 THICKNESS 0.0

STRESS CONCENTRATION DUE TO [IN DEFLECTION 1.0')

FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000

FAYTNG SURFACE FRI'.TTION sTRv,(S 0.0000

U.FR DEFINED VARIABLES :
VARIABLE I 1.2260
VARIABLE 2 1.4140
VARIABLE 3 0.4620
VARIABL.E 4 1 .0000
VARIABLE 5 0. '26'g
VARIA•tLE 6 0. 000
VARIABLE '7 0.0000
VAR IASLE. U 0. ý)otO0

STRFS SF'CTPUM
NO. Or BLOCKS Fl:'f:'CIFED FOR A0,i.YSIS 100

TOTAL NO. OF CYctI.t S IN OwLl BOK.I' 2000.000

TOTAL NO. Or FLIIIT.T IN (1f E ILOCK : 0.000

NO. OF PLOCK.7 IN 0SIF DEST 'N I ',-ETIME ". 000

NO. or rLIGHIT I f.uR IN (t1F E.l : G I .. IFE[TI[ME : 0.000

MAXIMUM rf'IAK STREfS. OF 1111- ,:[ 'Tr.:LIM 1'7.000

tNO. 01 STF7:IS. I..A jI.rý:z " IN iNJf 1:1 1ICK
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TABLE 3.3.2-2. EXAMPLE 3, METHOD 2. RUN 1 OUTPUT FILE (CON'T.)

wiw D A M A G E G R 0 W T H H I S T 0 P Y *****

BLOCK CI C? KMFAX..Ci KMAX.-C2 DCI/DF Dr;?/DF INITIAl INITTI,',
Ai A2 KMAX--.AI KMAX- A? )Ai/ r DA2/DF KNI KN?

0.0 0.'5000 0.000o00 8.892 0..00n .OOOE+00 .O00olO0 .2 5 4E--02 . 179E.-0?
-1.05000 0.00000 11.144 0.000 .00E+00 .000,[400 .264E401 .24fIE+01

1.0 0.05629 0.00000 9.900 0.000 .315E.-0> .0- 0001 +00 - 778E--02 .53 It -02
0.06•04 0.00000 11.627 n.000 .752E-05 .0001+00 .266E+01 .24BE120i

2.0 0.06611 0.00(",) i0.802 0.000 .491E-05 .0001+00 .133r ,01 .895F-.'
0.08344 0.00000 12.171 0.0OW) .920E-,0". . 000*+00 .2691:+01 .2413F.4 01

3.0 0.08041 0.00000 11.604 O. 0,'0 .715E--O', .O00F 00 .1 94F-01 . IY' f--01
0.10629 0.000"0 1.!.774 0.0O',) .i141 - 04 .000! -00) 2,'lI t,)i :" :! 101

4.0 0. 10034 0.00000 12. 64 7 0.0,',) . 102E. 04 .000f. 00 .262r. -01 .1 /1 F-Oi
0.13404 0.00000 13.415 0.00 143E -04 ,OOOE400 .2(80[.#01 .241r 4•01

STABLE rfREAK TrlROUGH OF CRACK NO. I OCCURS AT
CYE:! 807.0, STEP = i, BLOCK 6, CRACK DEI'TH - 0.1 1 OJ

CRACK DEPTH IS SZF1 ElQUAL TO F'LAIE THICKNESS 0.1880 INCHFS

5.0 ().1-5-0$2 0.00000 13.827 0.000 .150f 04 .O00E.4-00 .342E-101 .197E--0i
0.1 7055 0.00000 14.088 0.000 .A79E-04 .OOOE-(0 .2'901 01 .2481l 4401

6.0 0•.10.9 0.00000 15.384 0.000 .247E-.04 .O00E+00 .445•F i .23T7'--01
1 W100 0.00000 0.000 , 000 .k) W-'. . E(,+E+00 . !30.I 01 .2:1 . to0

7.0 0.24019 0.00000 16.248 0.000 ."40r-04 .00)E4 0 .590L 0i .269.- 01
6 I .o 0. 000o0 . 000 ,.000 . ' +0f. .O O 0'.4i:> , "" . 325F.74'01 .24iIl +01

81.0 ().336.18 0.00000 1 1.216 0.000 .440[ --0 .0,).010f .130fit 01 .3001: 01
0.18800 0.00000 0.000 1.000 .AOOF[ 40 ( O00E+00 .35N2 +-(i .24:!,r-01

9.0 0. 447C18 0.00000 1 7.947 0,.000 .558f --04 .001+0,) . 1 61.00 .3401 01
0.18800 ,) . 00000 0.000 0.000 .000E 1.00 .0(11.4+00 .3031 '01 . 2.401.+01

10.0 0.56758 0.00000 1 7.771 0.000 . 99F -04 . 0>0 .1 73F #"0, .37A6 - I
0. 1 -O00 0. 00000 0.000 0.000 . t, A . (),F0'4 6 . 0.'i" F i - 1 '4! 1 +01

II.0 0 ),0i11 0.0(00)() 110.917 0.000 .,/3F 04 ,00[-,o .+( .'-r• 00 .41.'1 l1
* . 1 (f00 0.00000 0.000 ,.00.) .'0 . 100 000 . O'F: t ., .4';9F 01 .24:rF #01
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TABLE 3.3.2-2. EXAMPLE 3, METHOD 2, RUN 1 OUTPUT FILE (CONCLUDED)

C f Nil. i EXCEEDS APPLICABLE RANGE OF SUBROUTINE K2010 AT
CYC = 870.0, STEP = B, BLOCK = 12

CHANGE TO K2050 OR K2060. TERMINATE COMPUTION

CRACK LENGTHS AT THE TERMINATION OF CRACK INITIATION COMPUTATION
Ci = 0.87354, Ai = 0.18800, C2 = 0.00000, A2 = 0. 00'00

RETAR:DTION F'ARAM[.TErr AT rlE TERMINATION or CRACK GROWTH COtirF'T,',TION
APAOLI = .O00E.40, APCOLI = .O00EfOO, RYAOLI = .OOOE,00, r*:YC()I i = .000E-400

S1O1..i = .O00E+00, CKOLI " .)00E)OE., AOLI = .(00OE+0, COl I = .OOOE400
AFAOL2 = .O00E+00, APCOL2 = .OOOE#00, RYAOL.2 = .OOE+00, RYCOL.2 = .00)FA00

AKOL2 = .000['+f00, CKOL2 = .00,0F-+00, AOL2 =.OOOE+00, COL2 = .Oo00100
RETARDATION PARAMEIERS AT THE TERMINATION OF CRACK INITIATION COMPUTATION

DMGI' = .33:3E+00, DMGOLI -. O00E+00, DELDGI .0-.0E+00
DMG2 = .430E-0i, DMGCOL2 =.0O00E+00, DELDG2 =.OOOE+00
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TABLE 3.3.2-3. EXAMPLE 3, METHOD 2, RUNW 2INPUT FILE

EXAMPLE NO. 3 S1RIN..ER SPECIMEN SUBJECTED TO CONSTANT AMLITUDE LOADING
''0'4-T35t EXTRUSION
0.600E--09 0.65 4.554 0.230OL 00 1.00 3.115

58.00 3e,.0 53.4 2.0 2.3 0.99 -0.99
10.4260 -. 3660 0.872 10700.0 0.021 1 .0 1.0 1.0

* U60 1.390 0.188 0.188 0.265 2.250 0.1W8 0.IRd
0. 00001. * 000. 006"E)c 0O0. OOOOE -000. 0000E 1000. OOOOE+000. 0O0OE # 000. OuOOE+t0OO. 000OO4 00
0.0000E. 000.00 +000. 0000E 4000.GOO00E+000.0000E+000.OOOOE+000.0000E+000.OOOOE*00
Q.OOOOL+000.0000E •000.0000E+000.0000E OOO.O0OC+OOO.0000E +00

0.1t8 O.1250 2.14 0.500 0.00000 0.00000 99.9999 0.0 1.00
o.Q210 0.0000 11.640 0.000 0.000 0.000 0.000 .00000
0.00.) 0.0000
0 00 2 2 0 100 2050 l100
2.250 0.000 0.581 0.416 0.2890 .0000 0.188 0.000
000.0 00.0 00000. 1

TABLE 3.3.2-4. EXAMPLE 3, METHOD 2, RUN 2 OUTPUT FILE

,,**'* DETAILED DAMAGE GROWTH ANALYSIS PROGRAM D A M G R 0 ****•

FXAMPLE NO. 3 STRINGER SPECIMEN SUBJECTED TO CONSTANT AMPI.ATUDE LOADING

•HIr ANALYSIS STARTS AT THE BEGINNING OF THE fTRESS .7[F'ECTRUM

NO. OF SITES TO BE ANALYZED CRACK GROWTH = :¾ CRACK INITIATION -- 2

CORRESPONDING DAMAGE CODES CRACK GROWTH = 2050i CRACK INITIATION = 1010

LOAD INTERACTION NONE

MAl! r'IAL 2024-T351 EXTRUSION
WALKER EQw. CONST. (+R) (7 = 0.160E. 09, M =0.690, N =4.5554
WALKER EQ. CONST. (--R) C = 0.230E--08, M =11.000, N =!.`115
MAY. K I-OR DC/DN I"!,F:SwIl P '.000
?:.LTARDAT]ON SHUT-OFF RATIO = 2.300

.P CUT-OFF = 0.97(0(, -- R C1LIl--OFF =- -0.9900
Y[FLD STRENGTH 53.300
rLASTIC MODULUS ý 0.1070#'05
Il. STRFES FRACT. TOUGHNISS = 58.00
[I1. "TRATN FRACT. Tou(.HNES•S = ,.6.00

DAMAGE ItivcX FrOR (RA(.V INITIATION 0.072
NfUl1FR MATERIAL- (ONST. = 0.022
CrACK INITIATION EQ. CONS1. : SF 110.426, M .366
STrrS:', sEvEr:TTY FACTOR PARAMETERS

ALPHA = 1.0000, BETA = i.0000, GAMMA = i.0000

SPECIFIED DAMAGE CONDITIONS
INITIAL CRACK LANGTH OF CRACK NO. i (0.86600

FINAL CRACK LENGTLI OF CRACK NO. I - I .. 59000
INITIAL CRACK DI:F'FIl OF" CRACK NO. I 0.18oo0
FINAL CRACK DE"TH OF CRACK NO. i : (.), O
INITIAL. CRACK LENGTH or CRACK NO. 2 0 .... 6,.00
FINAI.. CF:ACK I.ENGTH OF CRACK NO. 2 2._1000

INIT AL CrACVt DFr"TH OF CRACK N(O. 2 0.18000
FINAl. CR,, K DEPTH Of CRACK NO. "2 0.10800
FARAMEJUPT FR(OM PREVIOUS CRACK GROTIH HI STIIRY

AFADI I = .000F(4.) ,), AE'COL I " .000E[.00, RY0fI. 1 .000o" +00, PY'II'Li ,- 10,(0F 4,- I

AlI(O. I =. .000E-40(), CI ()L ¶ : .OOOF '00, 60L1 .OOO[6. 0(), ('1. i . 00•1 (10

AFAI. ' -. ooor, Oo, Al' CII .0 2 . 00-o F # 00, R ,',AoI ' .0' .) F 40. RYCOI., - .0(',)I U'

AK 01 - 00017 100, C"0 "- -. 0()f I, W , ,6 C001' 00, ( :.(1 ' . .. Iq

r'ArrI[TI Rs F ROM F'RFV I.lUS CrA.:v IN INI i IOfN 11I1.;' OPY
DM( i .; 'K u # ,, DM1.01.l : . Ooy '0 11 e(,) -I0 ,0I , 0'

P , .1 0L ''I , DMG01-2 . *'ol .' Pf 1 0I~ -G ~ "''
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TABLE 3.3.2-4. EXAMPLE 3, METHOD 2, RUN 2 OUTPUT FILE (CON'T.)

COMPONENT GI.'IKETRY
71HICKNESS OF PLATE 0.13800

RADIUS. OF MID. HOLE 0.12 -500
RArlo Of:, PLATE LENGTH TO HOil.E DIAMLTE V, E/Di 99.99989
DIsrANCE BETWEEN MID'. HOLE AND R.H.S. FDGE 2.14000
DISTAN(CE BETWErN MIll. HOLE: AND L..H.S. EDGE 0.50000
FRACI tON OF tOAD TRAINSFER BY MID. BOLT 0.0o000, 0.00000

RADIIIS OF Tti: R.H.S. HOLE : 0.12500
P.•ISTfNCE BETWI-EN MiD. AND R.H.S. HOLES 1 .64000
FRA. ION OF LOAD TR(ANSFER EBY R.H.$. BOLT 0.00000, 0.00000
F:ADIIs or THE L.H.S. HOLE : 0.00000
D[SrANCE IETWEEN MID. AND L.A1I.S. HOLES 0.00000
FRAcrION OF L(rAD BYISFFR DY I.H.S. BOLT 0.00000, 0.00()00
PFE.RCrNTArE OF COUNTERSINK DEPIH W.R. r THCI'NFUSS 0.0
STPESE CONCEuTRATION DUE TO PIN DE Fl ECTTIHN i .00
FASTENER HEAD OR COLLAR FRICTION STRESS 0.0000
EAYING SURFACE FRICTION STRESS 0.0000

USER DEFINED VARIABLES
VARF'ABLE i 2.2500

- VfAIABO.E 2 0.00,00
VARIABLE 3 0.5810
VARIABLE 4 0,4160
VAr I AIBLE 5 0.22890
V('[ IIApLt..E 6 0.0000
VP ,"IABLE 7 C). 180
VAr IADLE 0 0.0000

SrREES SFECTRUJM
NO. OF BLOCKS SPECIF]IE 1) FOR ANAL.YSIS 100
TOTAL NO. OF CYCL. 0 I ONE PlI.f(1< ""000,000
TroAL NO. OF FLIGHTS IN ONE Il.lY. 0.000
NO. OF BLI.(I(<S IN OtIE DITFSIGN LlItl-TIMF: 0.000
NO. CF FLIGIHT HOURS IN ONE PC- *S] (N LIFETIME 0.000
MA)(I MUM PEAK S,,E.S.•OF THE , sr",'rcUM 1 7.000
NO. OF STRESS LAYERS IN ONE IL.Or(, 2
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TABLE 3.3.2-4. EXAMPLE 3. METHOD 2, RUN 2 OUTPUT FILE (CONCLUDED)

*0**** D A M A G E G, R C) W T H H I S T 0 R Y ***

BLOCK Cl C2 KMAX-Ci KMAX-C2 DCI/DF DC2/DF INITIAl INITTA2
Al A2 KMAX--Ai KMAX--A2 DAI/DF DA"/DF KNi KN2

0.0 0.,"6600 0.26500 19.252 13.435 OOOE-#00 .000E.-00 .42-3r -00 .448r 01
0. 10800 0.101.300 0.000 0.000 .000E+00 .OOOE+00 .507[..4f01 .24BL4.01

UNSTABLE GROWT~H F CRAIFK NO. i OCCURS AT-:
CYC =861 .0, 'TEF' =1, P.LOCK = 2, CRACK LENGTH = ¶ .39664, CKMAXS= 70.35

THE OTHER CRA. .K LFNGTH = 0.30423
TERMINATE DAM I;E cLL)mrIJTATION

1.0 1.087(- 0.30423 22.419 14.870 .112E:--03 .196E-.04 .721r400 .484E.-O1
0.16800 0.18600 0.000 0.000 OOO0E+00 .000V+00 .575E>01 .248E+01

PETARDTION PARAMFTf.RS AT THE TE:RMINATION OF r'RACK GROWTH COMPUTATION:
APAOLi = .)0-[+00, ArPcOLi = .000E400, RYAOI. 1 .00'V f400(, RY1COLA = .0001-400)

%6.01 ~AV C)Li = .000u>00, CKOLi = .000F#.00, A01 I¶ . 00f)F +00, COLl = .000 4-00
(rAOL2 = .000E+(0~, AF~rOL 2 =.0WIl '00, RYA(I.'!.. .0O'Ef00, RY(rflL2 = .00(E01>0
AV L2 =.000[7:00, CKOL2 =.000E1>00, AUL? 2 00(4:400, COL." = .0001:+00)

r'ETARDATI(,N PARAMIE'TERS AT THE TrURMITNATION OF' CRACK INITIATION (IJmpuTATIOIJ
DMG1. = .721F-i00, DMG0LA =.000E400, rDELD':. =.()00F*.f0)
DMG2 = .484E01.O, DMGOL2 =.0)00E+l"0, DEL.D;2 =.OOOF+0')

A
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APPENDIX A

COMPUTER PROGRAM FLOW CHARTS

This section presents the flow charts of the various subroutines available in

the Computer Program "DAMGRO". The analytical formualtion associated with the

various parameters were derived during Phase I of the program, and defined in

Volume II of the Report.
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SUBROUTINE INPUT READ: TITLE cil -Cii
READ: RMATID Al - All
READ: WALKC, WALKM. WAU(N, WALKMC. WALKMM, WALKMN C2 -C12
READ: CKC, AKIC, SIGMAY, CKMXTH, SHUTOF. RCUT, RCUTN A2 - Al2
READ: SF, RM, DMG, ELAMOD, ZOU, ALPHA, BETA, GAMMA
READ: CIL. CF1, All, AFI, CR2, CF2, AR2, AF2

READ: APAOL1, APCOLI. RYAOLI, RYCOLI, AKOUI, CKOLI, AOLI, COIl
RED: SIGMAX(i). SIGMIN(I), CYC(I) READ: APAOL2, APCOL2. RYAOL?, RYCOL2, AKOL2, CKOL2. AOL2, COt?

FOR 1,NTEPSREAD: RADI, RAD2, HODISI. HODIS?. BOLTRI, BOLTR?, BOITLI, BOLTI.2

RA:IBA, SLNRS I2S' RTD BKKD I



I SUBROUTINE OUTPUT]

IPRINTh-i YES

HISTORY

aL
I-.

rVALUES OF
ALL VARIABLES

1s

A3R

,,,,

*,,"

p.



DEFINE
IBLOCK DATA Al, Cl, A2. C2. AlNEW, CINEW. A2NEW, C2NEW, AKMAX1

CKMAXI, AKMAX2. CKMA)V, DA1DF, DC1DF, DA2DF. DC2DF,
SMXSI. SMXS2. 810K

4A



* ! SUBROUTINEGROW

-' CYCP . CYC
TCYC * 0.

AK0DN 20A), M

INITIALIZE INITIALIZE
FOR NC I FOR NC - 2

COMPUTE STRESS INTENSITY FACTOR

CALL KXXXXLCK) - BASED ON KKID I

AKMAX - AK * SMAX
AKMIN - AK SMIN

CKMAX -CK SMAX
CKMIN - CK SINU

CHECK INSTABILITY S A S M X I
AKMAXS - AK * SMAXS SPECTRUM

SMAX MAX o" IN
ONE STEP

A I

A5.1

• p .o ,q 
- -



IrN-vWVFWWVI-ýd-A

K
AA> H I

N-

IUNSTABLE BREAK-THROUJGH UNSTABLE GROWTH OF

NSTABL - 1

RETURN

A5. 2



COPRECACKIENGT FINAL ENGTHE RECADLINLESN
NO

CC -c CF! E YES CC C F2

CAKN.I HAS• CRAC NO 2:•' HA

A5. 3

- - ,&'*1~*



SMALLEEPEASTCIRYAD AKMAX NBR RTDATIONF A MODE

AAYE A AA . RYARR AK NA-mTKM YES

ý11~~~ CKA, KMX(EF - CKMAX
*SMALER PLSTICRYA - APAOLM YE CKMNET* C KMIN

YES C CKMXEN- KMAX

ARYA)tAPA RYAOL.-RYA M

(1 AKMAX APAOL - AAYA WALKER
P I SHUTOF - 1.) AKOL - AKMAX

DELAAA -AJLAOL *AA

DELDAELJI AKW 0

AKW -PIRYAOKO AKMAX),

A5. 4



AKMXEB - AKMAX - AKW
AKMNEF - AKMIN - AKW
RRA -AKtMNFAKMXF

4 ~LARGER PLASTIC RYC -4-21Mx 1
ZONE IN PLANE , COG MA? y

HBOES CCRYC sCC + RYC

<CCRYC 
ZAPCOL 

YE

NO

U. CKXTH IAPCOL -CCRYC
CKM-AX RYCOL -RYC

P" SHUTOF - 1.) ICKOL -CKMAX

DEWL- CC - COL CO.0C

CKW - PHIl ( CKOL /: -E C MAX) --

AS. 5



SCKMXEF"- CKMAX - CKW
H CKMNEF • CKMIN - CKW

RRC"- CKMNEFICKMXEF

I
SCHANG'S MODEL FOR REDUCED RETARDATION

DUE TO COMPRESSIVE SPIKE FOLLOWING O.L.

YES ?

AND

FRYCOL ( 1 + RRU •RYCOL

AA tNoTHK YE

YES /" ?

A5. 6

- LA



DADN* WLKM *M(1 DRR) . WALKER EQKMEN. AUM

A5A t7H E

* - . . . ..~~**** *,~**p * ¾ ' ~~ .' ~ '* 5.. 5....NOS



-DCDN *WALKMC 01 -RRC .WALKMM CKMXEF) .*WALKMN

A5. 8



R

C.OMPUTE CRACK GROWTH

DELCC - .01 *.CC
DELCYC-*AINT (DELCCIDCDN)

IT

<5 9ECCzCC E



1S

CC CC + DCDN CYCP j
~YES

/IA _-AA. 10DA .y i

YES

SSTABLE BREAK-THROUGH

OF AA

AA-THK

0610, 620).

610 620

STORE 5DATA ST-ORE DATA
FýOR NC - IJ. FOR CN-•2

A5. 10



- SUBROUTINE K1010 NOMUEWR.C

BI B2 OMPUTECFCREIOB

NO COACOMPUTEPI1,AKPI

+~~~CPJ YESAK,, Z.P11100
1 FOK

NOC>1 MCA.M.M.ZZ2GiN COMPUTE CC. RE, COB,

G2,G3MFPU1TQ A042A CRCOMC -0RIN LAM DA, , X , HINODI

ES.
AK, CK

YES CMPUT COA AOT AOT, YE

AOC I I, CA4.M2, 3, . Z2 GINO CMPUE AA BB Mu
GGGFH.Q R0 A. CR0CRD ABA . ,H 2

NONO HO AK. C

-~: tEYESS~'



ISUBROUTINE KItRO

START

10 140

IFR C 1 10 10 NIILZ

INTAI E 
O O _

NC FO C

4N

< E

N 7. 1 P I ,A ,C

.0

~Y S



COMPUTE CA B, FB,J
CKI" AKPINW,

AR 1 0.2 2



-Aw-v--lb7-jkFl3, -W -ý-s -w-- ý. -50 1 1. -'w -W-a

C S ý 0.16 YES COMPUTE FWEDGE,
F

NO

C C 
PUOMPUTE G 1. FWEOGE,S JJV,KTG. SCH F

COMPUTE AK, CK

BOLTMI YES
.0

TNO

COMPUTE B YPAS. PAS
AK, CK

50D 510
YES GOTO ýj s

RADI 0 >ý (500, 510) RAD2 0
NC

NO NO0

COMPUTE 88 COMPUTE B8,
AA. Mu. ýýDA LAA, Mu, LAMDA I

COMPUTE Y. X
X2, HI, H2. NO
AK, CK

A7. 3



lip l-"Jrlj"jýjv ý%x -jrý3117ýffl liv 71, ?Iffrjv 77-ýv TV Y, P7 -7 rip Wrw

A -Al IDD
C - Cl

SUBROUTINE K1030 AOB: .11 Co P-UB - HODIS2/2.+ RADIUS AOR
AOB Cl(C+B) F

KTG
CR2HOl CR2H0l

150 350

A:THK 50

190
COMPUTE
AA OLTMI: 0 COMPUTE
Bill 

AOTBB2 AK .
a CK -

AKPINI -

BOLTMI: 0 BOLTLI: 0 AKPIN2 -

a

650
CKPINI - 0

BOLTMW2: CKPIN2 - 0

a
200 250

CKPINI !j BOLTLI: 0 BOLTL2: 0 a CKPIN2 0

300

650
CKPIN2 c

A8. I



%r- -7. .- 7-7-7 7. 7 . 7 ~ 7 -7 - - -

C350 D COMPUTE PART,
CRCO1A, CRCOIC,

COMPUE AOCAOR, CR1101, CR2COA,
COMPUE AOCCR2COA, CR2COC, AK, CK

AOC :52. 'THE ASPECT .. 0.' OLTMI 1 0. NO CKPINI 0.0

COMPUTE AOTC A4 
O TL . K I2 .

AOC . E AC.AT, Ml, M2. 3 E
Z. Z2, GI. G261.Q

CRPcIA CRORCCC0CCOPTEAC5

NOII BIc
AO E O .

AB.E2

~~~~~~~. ~ ~ ~ ~ E BBI .......................................
A ~ ~ ~ N 2 BB2..,. -.%



OLTM1 - 0. YES CKPINI - 0.0

AKPi "IN * .C - 2 BFI BF2 COM PUTE W R

CKPINI. AKPIN1

BOLTLI - 0.0 YES CKPIN2 - 0.0 C OMPT WR

<~* B..L -*~ 

* 

0.~



COMPUTE CCI, - YES
COAl AND

*BOITMI -0.0 YES N

t NO 
ICC2. COA2

CKPINCOMPUTE AKPIN
S~CKPIN2

A8.4

."4 ,;';-••,•i,••'•;,•,'; : ;:';,:• .:•,- : . .';,•,:: :,••, -'i';';''••,;;.,•;; .,• " ';-,• '; ; ;• '•



COMPUTE LTM, LT2. WORI.
WOR2, AK, CK

RAD I -00 YES

aNO

'•N 

C - 2 Y E

)7

9NO

COMPUTE BCAH, Mu,
L../DA. Y, X, )(2.

FAH-3, FAH4, CRAH,
AK, CK

A.

_=,,,A8. 

5



ISUBROUTINE K1040I

(100A9 115

FOR NC*W FOR NC *.2

I COPTIO-

0. tAC;ý20 N WRITE AOC STOP

YE COMPUTE COA, AOT, AOT2,

SAOC:•, - YE I MI, COA4, M21. M3. Z, Z2
"• .... • -G1, G2, G3, FPHI, Q. CRC02A,

A9 1



AI

AOC -- 999 NO AOC - 1.0

M3, GI, Z, Z2, Q. FPH1. G2, G3,
CRCO2A. CRC02C

4OOO
NO COMPUTEAOAK

YES
1 ,,o 405

A9. 2



YOEST COMUMP YSUOMUT
A -TKM CK, AtTK K

Q,~~9 31 . 1

-. ~99 -ft.' -9" * C I' --

YES No YES¶



E

<BOLTM 
-O0

NO

COMPUTE

+ S.01: Z12-cN 
.

OPT

.99CP0

YE YE

COMPUTE9 4OPT

CPO P0

Q- 5.0Z4A NO COMPUTE CPH02



rrt-~~~~W1 rxrnr W- MR-9r14t NWl YEw- -1r WW -v -1-0 W~lf Uhlt LWt~ t~

(422 516

422 NC 41

COMUT CC,- COMPUTE CC,



I 
B

SI

NO 62I COMPUTIE FWOLI I• 'B!-B2yE COMPUTE FWHOLJ

COMPTEFFHOLCOMPUTE FWHOL

7

COMPUE Fw. AK. CK6
• BOLTM! - 0 YES
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